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tj^s^lota?, ^ « i^?k Sosia has li^^a a t ^ i ^ ^ Infco tfi.r©» par% «^ 
fh# f i r s t part pr<?¥iaes an aeeti^at of 1^^ fe^ lnu fe^airiom? df 
AosatMea J ^ I S ^ CS§fylatel«Sal. a© ttilrd aB« ^ « last f a r t 
fr€s©ats ©ffwts of s^st mlii^al sails e9ae«ati»atloBs, a 
pm®ti»afet0a a«i fe t l ia f* yiclesp?^^ ©xploratian t j ^ ^ with 
»f l i ^ s at P l ^ t imgl® t@ tli# 0#ll swfa©* ^ e followed W ® 
f«?t# ©tfl@t t!ifa8ts# 3^l®t Itifustlnf s t a r t s aft<8» a fmmm&Wk& 
imping stt© ims losaleS s i^ las tea m^m% IB iW»tS} ela, 
Peaiteg ms tet®?slttigit| I t t dm*afcl©ii at on# i l t « lasting 
Htm® m% ®®taallr stis^v^s, Iwt i^ettss^ s i l l^at loa i t d or ai« 
n&% tall® p|at« ts tjii@^i»t». 
2 
®at!iydti®al ^ « i Us© Ristt Wi^t taeuitel^ fur a0*l.t ti ta 3 ^ i » 
6 far l g y « ©f -%s€ »a««timtteis t l ^«»f#G* "^^ @ptl«iB i t t© 
ftaf«Sa fl#«re# @f ^ ©is mw pr«f»«f i i » i t l y ©ea^^ ®»i t ^ tM 
J 
Bw t^-o^®s» flaxtwi® ®tti?mttl®3a was twmwitai %&m^» 4*0 i i ^ iil# 
ft© yetp&as'^ of J# ^«x^,f mi?l«ft Mttii i t f f i ^ i » t ©©«©«* 
^tei€l#© #11 to# fr®4at®^ b#av l«» f»<f?«i«i' ^ * l 
a? «®i5i€i Ciait Iftfe few l i t i f l fF«r« % ^ mMm mm^9% ^m %&« 
latt4at« as «fc^@^» Ifsw^**, fefi^® igM ««i« «»k twit f§att l^« 
Prefta^rs a^m^ tm taralys© the pt0' inlth tti^lp mxt®X t^otti 
was lnf,®p®tttm% ^t!i sfeort tefcirvsla ©f smoking actlifllr* the 
i 
duration ®f f©«aiiif oa a slagle frer vsrl@i ft?ois 3*S atn t© 
4-6 ^» A l l t t l© tet taslgslfiesat variation was iomuS. la lli« 
rate of pp^atloa ©aeli ^af ^wrlai ft psrloi ^ toh lasteft .twelve 
da3fs» laef cms® la p r ^ HBBJI^ ^ luepj^sdl pF«!.afcl0a» MajKia^ n 
p?@amtioa oecttpyei ^ t h ISO i^ yi^  speeiisgsis sni least witli ^ pi?i@r# 
fhm r©pilts on th© preiatopf biltairioiip ©f J# mtmafeleif 
also TmmX^ pF^^atloa ^ ©tiaao©* flier® %rai ao pssi t l^ t 
y#spoiise of ttiis pfeflsloy tovar^s fot^itial py^ Bpmlm » l t l i^ 
siaiflr or ia «»iBtoiiiatloi^ I5iirliif lo@oi®tioii «»iitaats w«p« aai# 
with ttie prir anS attaofes w^'o usually sttoesssftil ^ ^ a fall 
eontaet with tfi® prigr was «stablisliea with ttio l ips of tli® 
pr@«iato?s* file s s a l l ^ pr^ gr ir@r@ swidllow®! ^ o l e !mt of t!i© 
largiir o®@s tlie eiitlele was miptarei m& ttio la t i^n^ parts 
gmek^ !«• M ^ t s , fo«i»tfe i ^ Ihirt stago | t t f^l les irep® 
pr@a®oioiis iMt the seooirt ®r^  f i rs t stagos if«p« not, %® rate 
of pFeiatloB of i«l«lts las KJPe tlia® their |ii¥«ail# stag^* 
%@ rate of pv^&tiom of ^« aanatigaa i&p^^^ oa mrioms 
factors exei^t ilj@ pref msfe^r and stsFf^ation of ppsfiatori* 
PpNation was gov^mdi %* tli« sotlirltF of ureiatort aai pf^ 
wtiieh was Inflm^e^i !^ ilffdrsiit oonoaitFations of afsi* mn^ 
t « f QSPatwp^ s* Ifexiaaiu pFfiation oosarrta in aptr ibnttn^atioas 
of 1 or ?^ at a t^ptr t t i i re of S.^ C# fh@ pFilatori M l l t i Imf t 
5 
^%mmim pw^&^wf %mAm^ iMX® ^ a t ' ^ ^ M ^niffillfti ^ ^ l « t ^ 
w«p© QV^om^ «snl%®l9 tliaii tlitli» %teil «t«f» ^i¥«ll^« 1R|# 
swsiii and first »feftf®f iiapt fitlftftis? «a»it^ltstSt' mw^ pp#iiliif?« 
f> 
eo^ili»«i ®s im «i«iptts!t ^^asist t t trotti l « s teat® I^ ®B 
»tli» s^t»» tei^ata affwt^ a»%lirl%? tiB'vmB^T'mm ®% l#w©st 
! • BQliM®S» At m® iQwmt mn^m^^^imi af 8 ^ a©ltil%' wis 
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SsreHSm*^ »•« fitu «*« «»« ««« 3iS3 
INTRODUCTIOM 
B#ia^o«r in ?«#!*al Is an ©b^^iwible aett;/itr of © 
whol© aaissl . It Inmlvm a l l tbm wo^msm hf <#?l0fe an ©nl^il 
s®ns^ i t s ^ts?oal sisrroi3!i1l!av»s an^ ptsso?i<!9 to 'th^ 0\&ngm I t 
Tho®ps©% i-^i) @n^  t'lls Is ©38€Qe# tormn %h& total b#iat?l9«?sl 
t«»!sa ©f &#iafl3«t»aX pattispas* 'still hi0t^ are Sfea v«?*©t>i»6t©s 
w!iie& display iastliiatlv® hi^^^tonr ii»S flssllf t'a# toisafit &®lngs 
%f't© aloii© e&is l€iok U|i0ii t*iiKS€lsri5s ani b€<5ois0 tist ot>|@0t of 
fe'aeif Q'wu tftrnt^tB mti mn ^istin^inh tii® 'mTl& thw/ kmw frets 
iRll^iaaal «9cin it© t>|i^ fiolo.<?t^ el stat«, H^ylek (lift?) 'Jl^ld©^ 
%^2mfiomT list© t'ti?!?® ^«mpa S^t ®9 a^*^^  *i«tj6 i^4tit», ^lsc«5fal 
^0^ai?latii» and f«a®tle !>^aiPlotsr ati# stat«3 thet t h ^ 4lff«?ei 
fadFp*3ol03f» ^ial©^ anil pts^stslosy i«s beluf eap^e^ «ittm@tas* 
tti#i? ^a^ltsts - mB,7in% tvmhMnt^^ soil &ni &B fjafosifc^s of 
plants en^ enimls* fli« bi^^lour of nsffitte^^'iiilf^ fiatuml 
2 
e©ii4lti©as lias %lm&M% m%%^%lf mm^^ ©&«^TOti«!is« ftils Is 
fsai® timS#f a r t i f t « l t l s t i ^ i t l t a t sa^ a « a l t f ^ t i ^na t® a l l 
©t*i«? fsstops ^ ^ t «%# ©fit m^0f tfif'#stf ^ t te i i» 
I i i t%# f « # i % pftft t^«te#^l««i»fti a©ttf i%its a l t r a s t ^ sofit 
m^m h%m s ^ i i « i » itff«!»*^Fit i«?ls«® tefn us i^ a ^ 6 s ^ » l # i ^ 
*?®Mi»^ l*3ff U fb@s# ^^ta8« fty# MQ-m %a t^tw^ai t® tetttH sua 
3 
t^ ® SKpfil^s, t^oii#i tit© fewmm s?# ssall^r ani tms w^l 
^ i ^KfeMIMl lAmmtn trntrnts ^m Mt@t#«f«ii ta l l <*riental«l 
w*ill# %h^ sa©@ si#el@s i^s ©fess^ p^ ti t© l9@at# I t s test %y 
t#i|j0as€f ©? H. .i,f,^ a^@|. %wMs «^ici» «io«l4@ ^m4tmt9 ^nnA 
ImplimMi^mn and aafej?« ©f s«is® ©i»pras mt^ Ht^llfhtt^ ^f 
11® at F i ^ l ®Bsl#3 to th«f pl^t® ©f s o f » « t aa«! tmt ®ia@ ^ y 
4 
prmmU nmmm^ ^Ikt^f^^mXm Il-^^^t tr@^l«^ mMmm fm 
o f III® s«iso?T iapifcf CO»l l | i t f s ft), ?imf fe#te^/i?mr sar fe« 
eci'^Fiitfc^ ^tk t! i«tr ft^lltr t© f ^ e ^ f ® st t i f f l l t t ^leuefts't^s 
©f ^ s u f s l sa l ts , f ! l | nm'^n i i » ^ < ! t , 9 V f « i ®n^ E?iefc>-0t»i©sisss« 
i f i f l ««## 13® t i l t a t t l ^ l l ^ of a«isfeii«», V,% Cl,«»1 ecin^sltiSia 
parssi t ta a«^l©d@s, ?^# otStidrs afiowsi %hm% f^misi^fclai! a l f a l f a 
®#^s ^ l o t i ©ftouilshei a l«p<irafei?# f r a i l ta t ^ f 0»O3#Ci/€® m 
t « ^ i r « t i r # « # i<»#C m i a ^ ^ , lWt)« tdif«v<*, Or©!! i%a0f h} 
®^  ^glia,iM.I,llt ^ i « a « ^ msmvm tmBMw mft^m% Urn 
a?# attpaet^ ^-«i^s th^T hmt» Cilri, I t ^ i ^^^efe^ l^If 
I«i3©^  l%€4| Pm i l ^ t , 10^1 a» i # fatmlpifl^ WfBh So®« 
uprk-T'B ^eltwii ttiml «ftS^ ft,c».t«^ s smtli a® tra^'ilnf in a ^fe^ 
0 
apoutii r#isfcs# 
fetiQ !>^ia?lowal ae t l t i f t #9 ©f a«at@t1®s* ^ i« la t ts oft® s«e^ 
A!i»J f^  f f t l ra fps^^ i fS^ ) , fc!i# fat® ?sf 9®9alalls>ii C^e fa l | l i?S t»), 
aeisatofi® s p « t « ©sl j sal ts *?»# a l t r a e t ^ ^ m ? i s t%# f«a»l#9 
0/ 
tm« f *^t^«Wf 1^^'^% t9^«. te f f i s ^ ^ ^ l m , ^ ^ ^ a ^immfei^j^ 
7 
© f a plasfe-parasille s ^ t « S # 2» ffiiaSS* *^*® a ^ t ^ l ^ t ms 
panel 1^ @f laf^rsat lon ©n ^ # w4# 0? I t * f@^laf» §«*®lif5 
f©«ftiag b^a^^rlcwfI pr-^' s^#eU©«| ©imrtfe^lSBf fy«dla^sir pf t t t^^ i 
HI® tfelPi atii tfe# las t f t r l <St^.s ^ 1 ^ t&'» ^f«»«l »f 
sti«t6€ils and sW ®a t f i # ^ i e t l i ^ ^ o f 2» %p§fe#,fii ani ! • 
f ^ €|f f@r«it i i«mtsi«s %r@f% i«l@©t^ so i t ^ «^pa?« tli#t» 
8 
MATERIALS AND METHODS 
9 
p^nmm Ami 1I1TII03S 
^^%l suf^ fliiiitg BQH §mmtm mn^inim^ M^mtmmn af 
m i ^ ^ S i l ^ a S S ^ ^wr® t9li«®t«i fmm pa^i? flftl*!® nmt 
^%l%m^ ^ tp i iw r , Hi#i r t t , m « « s«si5i«s itm^ B^T^ ta 
ggaft^ ..slfit..,f^  .ffi^ l., ,a^«ij^s fm mmplm mm ttmm^^ hw 
wms tli«i ^ss«i t^ T'-'m s^ ft ^ » s t si*st® nfit^ li s^amt#1 f»©0tt^  
t ^ y ^ ani ia?f® mil mTti&lmtt fh® mwm^&tiw^w Imm^^m^iw 
s#ste f0-300 Cf®F# s|^® SS|i»)» ft!# tfi®l@ priests wa® F^«tsf t 
tifl©# 0f» ^f»i«# td defeats mmAimm pftf»¥«r df n « s t © i ^ , tli© 
I 
I 
f l a ^ soil parlf«l@« mmpsA slssf *^t^ tii« imtfr* i^# « t l ^© 
19 
bofctes of tft# sl«?«» Sar# wa® tele® »% te a l lw «nr «ttp 
this wm kmt m^tnmrh^ tm m %m Mtlnt m%n' ^ ^mim^ tti« 
I 
til® Amm 'm%^ m^ s « t ^ ^ at th% festte® ©f fcti«' lte»!it# 
to ^ s tettiB nf t%# f^i»it» 
^Ifs®l9^ In « ^mm. qpitiitl^ ®f i t i t t l l ^ i ^ i lw mA kmt^ in a 
^ a l « ^ ^ f#i? nfeornl i§ nits* ^ p*«i?«il Imtt^tiA gi»i^ ©» 
iipgiiHisfM* mstm 
11 
l0fig ©f «lff«r»t tests Wire ptm^ "f^mtimllf in tti® 1«BW 
fftp« te p?@w«it lilt fematl^a ®f ir&t« fil® af®^ ai^  %%% tmtHw 
F#tept*iaieti©s ifiT® ^m l®ft f^ i? I t It tm la«Mti©s# ^f# 
was s»a90g^ «S ^m ^mtr^m 'fftt l^sfcf»l^ ll®m of s^reatui^ t^^M 
l « f » la fe# ^4it# «iiiit @^ pTmtlmlty wa# Is tfi« li®^ 
» ^ @f %# tftp#® 9Mm» Bm^m ^tm^ mmM'^ bf ^m^m W tlie 
p^ o-frntsts €ff t%® a a ^ ^ ©f I®?BS la m^ m%0 i^ t% t^^t » w « * 
fonanif W0l#itl^ f fiiel9?«« a t a t s»?i^ i«r# «iiB «iti^ ^%eai tel© 
l®i &mm ifmim tt)» Mm^ eM w^0titm tmf^Mm of %m %mm 
mum af© flf« ta faS l^t f» nmk PmwU4in% m^mimmt « s 
^0# I 











i 9 10 
Mrm aa« w^^h%im faet#r» tm t^# mum rn^k^ 011 lfi» &i» 
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ElQat«»fai?asltie n^t^^m fomi a vast eassfrasilt? wttfjln 
t%@ mil ^&m»f&m&0 %« fti^^plispdts ^pmirn wstnlF b^ S-^ ng 
of th^F f#g4laf b€te^totii», tiiefci as st^aetloij^ ©iploratt'^a, 
iespertsfit t5!^lo«»f®?6fltl« fi^at«^<si* Blue® th©a attraetl^a sni 
sjsdcsm ?5<»llie«l» ana fm* a sit^ ® spestPUiJ ©f fesSi®frt©sii»al asfcf^tles* 
fl©-^ ^^ ©?, %fi«s fdefiiag ln^ei?i©ttr of a im^©? ®f ^ssomEsteally 
Iffiportanl^  sesssloS^s s t i l l rmsitlm nntemwu 
!%sl mfkms m^m ^ a t f|i®t«pfti*a@lti@ nmn.ii&Am are 
CBiM, i!J5§, |§60| l«amll@« # B®lia«, i.§@9| Ham # Im^ i'^Sf 
atsty®«itaiits r^@i8 f^pffitnatlnf s t t f l l la^ mnM pass tfurefafli a 
with Ifielt* root i l f fass t t i ('MsQ!s«^t 2.^^). Atla?aet@tit® 
p«pslst€i la l^# soil a?i^  iaftii^aeiiS l^# ii«iBt©i®s ^ e a after 
tti® flasts m^m "tm&v^ C>Ml0<s% IfSSf to©, Xi/B% Pret, I'WS)* 
1? 
fh® 4«gp«« 0f ^wtm^tim of nmm^Mm ^ms?-^3 fell® «©% &m 
Sn t l cM ia i^Mi l ,MI* Stetla^lF^ i,®9 a i w i s Ci^3) w%mm ® 
f « ^ l i f i f ^rtr«@t «!^ swsd^MMIi t r to i J ^ l ^ t oa l f a f l e l i ^ t© 
®^ y^,^fii^^i^f ^"^fk. ©gimllf* Seat i«»Tfe«rs !iair# 0tss^ir«8 
an ^ttraetsnt nr^duei^ w ^@ iase plant* 
ttwaUy ®pt!ii «j8t ©f tfi«iy l i f© lu fefe® ^ eisi l tF @f t h ^ r fetrth. 
of up t@. 3 « wlt^la S li t^ nsaras oat «#^lti!igs» , The la^ssiU^ 
^^ .IR^^!^^^ mf§$%€^i^m^%g wmMh>s& liost |«laiit l^ss a ^iatane® &f 
4B m imm^ tmmU In miXf MMm M H i l trm^l^ m m 
IS 
hm ^#«i st^ii®a i)f* mnf i$mn^n# obs@?^ations' 0a th® f^^im 
^f ,Miil«ilmi iMfemtef 2iiM^sim m^^m^f Z* %mnmm% 
& ^-tiJgMeanliiMia wat ^ ?lsfi<» Pr Eaglet C3S^)» a«tit«|ii^tly', 
'^^% 11T? % Wn ^1 !l^ »% # f©itt% 19^1 • Sen© ©fesi^ ?s$loii« 
13 
Th9 -Jitsratiiaa o f foaittnij aS oa« a t t« varies la d l f fareat 
Bpmtm of ^Umtm^mmltle a«^stoi®s« ^ t r « ® »:i®^pl« of 
« i « a « S f«t i ia . f la»%l©i w ^ ®# t^s l «ws l» & » « In 
a*8rat9i©0 t^ .© pi?Pt©d of f « i ^ l « f a* #tt# ®lt® ' w r l ^ tr<^m ® f@ir 
Utti^ w*J»te#P» Fist* © l t «? f ^ til® p?#fti»«@@'0f f@@il»f ilfe© 
f«®d afe ifsot %lpi8 Cmi»»j^ <> f&ff^ I M t f Plt€tief ft }f«^issts^lfTO| 
»®ff«t 3.tfS| j«Sitis # t^o,» s^fS| tti iaiat, la^ l ^ i i « #^ i^»s 
i t ^ ) i py fw f i lm ®f ii#i»i&^ai^ s»©®fes C^»i#f% 1 9 ^ JI r&&t f a l l s 
C s i t f l t O ^ ^ f f IMS) ®i^  t t l t f f ^ tms »m® ©f fcht rao i t 
20 
fli#?© Is ^ t i i l a lot of mntwQV&PBj ifegaFfliag &%lim%ionm 
:;©©# imrks^TB €M nst oba®i»v« ssltva f®«s!iSit t?ai?otigli Ilie s^®fc 
(^iss<ses & t«mf©r i^ l ^ l f iJ^ss, WfB) «!iii@ o%ii^9 «j^ s«sp^ @i 
&mmmt^%lm Mnmi^ t%^ stylet tip of SOB© sp&Qlm af g ,^f!»l,Intel 
s?l©tmlai» ferEt, % e^«?f^ , Tfenaast^ iWtt} %€lt«^^ that t^i^sht^ 
!i@®ato^ «3 w@?« tiimfelt tn g^ t 9©ei»@lloT!f la fpsa^ar fbrin a»«S 
t^ns 1% b©eaa« ^Ifftettit to ©bsar^ @ t^t^ sellmfy s^spstiniii 
fl0wiiif out ft^iB til® flafi^St ®i«s« ssllfarF wmf^ti^m ar® 
|sro.l!sef« by t!i® dorsal ©essstiaii^ gMMw C t f^ f i l l , 19W| 
Ws»^ 3J§7? to? ^te& opm lat® f©©iS essal C^^ s^iams, 1^S)» Til® 
^ ^ 8 (19?S) la t!s^? gtwty c»f m ® t o £ U ® S t o ^ i t e » 
la tl!« pi»«smt stsar «^&s#fratlins oa t^it f#^tef h^mtvmf 
in^lnd© tfe# f©i?iliif iR^efiaislsai at t i^et l^s ^ .^^ If4«i mtbsif^ 
att^a«;tioa i^t«^ In^ltid* %hm @**fsst ©f n^plafl ©? lK«tsMtl©fi af 
i»0@t8, fwftoii 0f foat| agar tiitstei®®^ asi&'f »atflai^ati^% 
fats^TO like tilt ®f@ aiii4 slai?i»ti0fi ©f ?i^sE^i«i, ^gt ©f fsttd 
aH^ thn atat» @f rcmts (Itf't m <l#s^ ) feai?© sis© l2®i® dbi«»?@l a>a 
21 
til® atti*aefeloa of g* t f f l U I * S«sia^^ ttet Ff»f#ai€i «f 
eabfmg® idiots ma^ t&# »^p®r&tl^© sljiaif of ^^ #ff®t%i ^ f 
ti0f^fi!^«l^t e5ii««fepatl«s'» 9f ea|itBai% «?»%| F»^i»fi s®i ©ai®ii 
g»oats c»S t i l t s«%li?l^ of J» si^ '^ i i* 
f l i t o!jis*^TOtt9i» &n lfi« f # ^ i a t mai ®ttr®®tlciii ^ ^w to i i f 
iiist#s« of t ts t f i® tetit i?is» C J i : ^ M J U S ^ h«mm% mw^m 
esmtltiotts mM wA9h « t i « aa4 te^^te l l t l l t t l«# an ^ ^ a t ^ ^ 
tti# fie© mai imtlf^ te® ®te0rt«lisw ®a t t i t ^^mtloi» of a 
WWBim l*Kfl4lfSlf OF l | p f l p 4 p i a L i S U M 
b^a^loiar of ^ ^ ^ I M MMU& ®^ M S I ^ ^ ^ f t l S A l t o 
5€fs«»tfe©i til® 8i«%a!ilsi8 ®f «^M?«tl«»^ est Si^ @eti©fi ©f f^^lii^ 
s i tes ^ 3-cie« ^i^nefili ttiwitsi^* ffe# f«®itfif %^mltim &f 
mm^ atiidr ii^al©i« Sf 0Sl« hs^t ^f# ' ^ « « »l^ll«i, 
la th% pTmmt mvk t%# ftiiiluf ®«tf»iitt8 @f ?i«# f^ot 
2] 
f l a i s s l i a ^ ' ^ « «9©l ^ # api? im« « t Into a Ito^fe f s S»S «» 
A s im loaf €iE«ls«l f^ot f ^ s * ^ €mf &M mWmum BmMinm ^^« 
1 
fcmr phases mn mtUm^ %f *#^s Clf?l fe> in ft>l^iiai^s .gla|^|f 
24 
qnlmtm%^ Wt aft«p 4 ft e l ^ s t At Qf t%m tiM ^- I th^ staftel 
rec tus 9i» %!«?# fmaa ?« ^ s ^ t e i n l ^ ®f tH® ?0ot# %e ii«afe©il#s 
f ^ #ltfe<33? sit i f ly ©a an tuetsi^ foot QT ia gr®«p® on ® si?ifl« 
TQ^tm S0r«@ atfe^iteS I© mt^ ttis rust ttwrnigts ^® ©Jiaisei 
par i aai w«Pt a««i l y l a t par t ta l l r ^ ^ l i a e i lustdt. S» ^^MM 
f a i »?« Iipe^a#ifelf on %%Q ^i«S«feal e^ ls ®f the root t ip imS 
IJy^lfit fc*st» phmn& trti« !t«Mt©<!«f ©air^ »i@«c» fc?i@ root «ifi5 isa^e 
a n ^ ^ a?5i $lm will! fete® «t«« ©f tti« fieai, l rif»i% oa^® ^ateet 
Qt tfi® ItiJ S!i^  ttmt Tm^At^ la ?ialete stf ' l^t tliimst® C20»1SK 
I f thts stta wm anl sultablt f^i* f®®ateK i t m^^ awar t& 
tapl^wtids tfests I ^ to mntmt «iWi tti© wiot aufi tfift®i wttfi feh© 
stleetioa of & tm^WNkmm f®«aifig s i l# l®»feoS fo? @4 (IS.®) siln. 
tl 
l i p s «#?® %% r t ^ % ««gi«sto l i l t i^ fae® ®f e t l l s , st^i®* 
l ! i r«»t la i tfesft®! C?li» t ) * Bi^ftat ^ t s ptias® l^ @ a^eatet© 
fcteMis ^f%m f«tti|t®S ttt eii# l i f t te l t f% « « ^ ' f i»» tli« w a t 
sm^f^-s* a«€ ^ # ntsmli i i t gtat%tii« iA i« i f®^ i^ «©l©yfttlisii a l l . 
^^m sf f t ia. I f 111® 0#t i « l , l wis f l «^M@ tfe « t f m^nh^ ta ISF 
S» .p.l»i.#^,,,igf%g»,fei^gi f t i t f ©fe&s^  ©f f t ^ l S ' t ^©fan afttip Isesl 
#s^te?afetoii# tti# tw% ©f t*!ii a#ssto i« y«ala«4 j»tioiil.»«s 
At tti@ Qfitst ^ f i fcr l#t %titi$f l l m %ft# f i l s i ^ t i stfi<st pf^b^s 
r#e®r<li€ wfFt i0»94/«st« anil %hm^ ip 'a imi lT i i«F#as^ to 
®M>tit l /4t^ ©f th% f l y l ^ t w t " i t ^ f^F f»«[#tpaitois. ft© ®i*ll 
b^t fc*i«B@ w«»# wfQ rtw©« CsMiit l / t « f lh# s t f l # t Isnftt i ) 




In CSS® ^f 2* jQgPf 5"^^ 3sli\m'-?f Bmrmtlm^ wm'm Q^B^ttm% 
I 
esntsnls* fli® inf*i9tl'*n was l u t ^ r j l t t iE i t as ft?ii# lu t^ te of thu 
e«!^ U sa f i t« t f into th® l t im« ^®3 at s^^^t tefe#fTOls» DiFiSf 
f t ^ l f i g tts@ ltsjE« Qf lb« s«&la®Fp9r^l puiif #p#ii«^ with th§ 
eontfsetion of tli« Eii®isl« @f t^« ffi«itafi liilis* In th^ btglimtng 
IS*® i»jiliiiitl©fi»/»tst« *«.f%«r the f®«il i i f pliag# t«m« ^g?imt6€<# 
t^ «es®# fni^s®st# 1ti0 f f g i i n f ^ ^ t e « i s ||« ^SMS t^S'^llF l a s t t i 
I 
as th@ ft^i^incr v&n mm fstii^atlsus of l^# tel^ fe«®sist t r ^ t ^ l a r 
and i i l i teit«»lF e®a»^, fh# i ^ l # t #&s ?^%faistei ©»l sts^ltaa^stisl 
t*^« l i ps iiis0 €®te#lii# ffdi i thu 0 f l l suf fae*» %toll« i s ell© e,®t 
of -l^ta^hlrs^ and f»^taf a ¥ ^ from tfjt ft^aiEif s l l # © f@w starlet 
lliiniats C^ -^lOl w©r@ »s1@ in %»i© ©xptera^ffir f t i ts loa. fit® 
is©?^ basis m^ fQrm tm llmm «i i l^ft t?it fe^tn^ sltfs. 
/ 
t%n% I f nm a l l phases ^•^sefi^ei fsr J . Qfyiaf fta?© els© 
!i®i##f€Ft ©an bt e®«itiS^#A a® ®s ^ s i ^ t t e i i %«stfi» t t i t s p l f 
Tftt f#«tlusf b^a^teur ^ f 3, M £ a s ^is© S l f f ^ s iT^m tk^% @f 
Salliras'r f «^# l t o r i i w®t*# TO% o^a^iff-^, mlfchotsfli p^ls&tiaaf 
ssllTO w%s &im mst mB^r9'^ ptssi^f tiii»oa# t&#, s^ l t l of 
ttit» ^ t ^ * t t i p in t i f® tl i» e t l i C?ifti®a^ «s ^ Lialfei»i^ 19il}» 
&T i t <iot3li «©t Is® ^mtmt^ i n ttiffl. mr««is st-a% rmfilm fe b t 
9 0 i i f l r s ^ , ffswt^tfj i l l wIsHSi* o f s l i i ^a^ i!>ii f» i ^ i t t f %fliairt0i4!» 
lfi%«rKifet«t Csfeort f®ut«s %«*%»«« s^A ls m fo©i Isfesltea) 
29 
quite pFoMMo fefiat t'lts naif also b® tli© ms# la ^* 
shew pr©fir«e® foy any 4«flalt# i»®gloa a^^m th& w^Ming te#t« 
f!oif©tr©r, ||# .Qgf.^ ,f a i^Tngst^ sd ©ratiiil t?i@ »^t tip aoS tti@ s©!i» 0f 
CBPidg© ^ fiagi3«|i974) Sim .MffrtisrfJmgf^ m . S l a ^ ^ Csii^^a^i ^ 
Mafgs,l?^4)» I t f«[t for m tmximm ®f S»4 !i em. tli» «pM@n»i e^ls 
0f the T<m% tip ifcfia th© mn© of isatsratl^o* W$ tk^inn ^mwwsms^ltf 
B^m in tho ^n® ©f <sloafatl««i Wt ©eessloaallf e fisr nmutMm 4t^ 
f^Q'wmmts ©f h®^, lip mHitJla^  m^ s ^ « t feli«istiiii»s sisiilaF ^ 
!I,Q$.f^ .^gf;^  peiMifi^af Jovesilot (Beiieistsr # 3i^80aif,l.i?f) Ireife 
shsweft SOS'© i!iiuof» dlffs?«aic@!i, f*ile® ^ « <lttMiti I I «©lor«S tfj® 
tB€dim sit® br Kakirsf esats^ts Mtt2i i ts itpa ®t s»i#it mi0,% t® 
t^ © c^ l sorfaee t&il^iit0 hf tm B^H^t f.lifii8t« Ci»i0) tsit i l 
atff©Pact froB t!iis si>@ei@« in I t t s i i^ |® gia© 11^ rafeMaf a^tast 
th0 Q@il »Bli priop to mnkin^ lip cutset* a® fetiiag ®f 
1* ^g^Mi i-^  iaeki^g t^i^k ititfSfMttimt st^|@t ^sitietini 0ti@ ®^i 
^ItUvmnm irm that ®f It«Mili Mtatifi^i^a ©»« «««^a« stsf® 
,1iiir«il0S ®r l i l ^ s ^ i i l #fJBMf<igaf (0o®i»st^ t B^ymm^ B?i>, 
3a 
CLisfoH, I 9 » | r^wgts»F # f l g l l ^ t h i f % I'^ SS, JM0» 1.161)« 
r0»ts ^ ranici® a a ^ ^ ^ l , i l t i»aet i i r«»© ©f plant i^^ots ts 
pmrssifei® t i«al®iss nai also shmm W ^IwM C l ^ ^ i l^@95| 
*^#lt®¥»i felifet «i»tMiii 5loxM» f?f*4^«i^ fef t%0 roasts «%i3»a«t®^ th« 
naiPiitadti^ Tfis liis^t f l i f l i f i f lsi^a«'t»i» of planfe-pi^rasilte 
f i « t l © i « wm M^mm^ W fest«® Cl**®'"^ )! Mink j | ^ « Cl^O) an4 
<it#«i C lWl ) , "^ FQt Cl i^^ l s t i i ^ t ^ III© »i'#«««ts ^f MMM^SO^ s f . , 
! ^ * # « l l ^ i n til© pT^smtm of « f i i»«ilf» 
's^is^loitp ©f s ' l i i l t f ss4 | ^ f *^ l les o f 2* ffil^jt towi»is ealiMfe 
s ^ ^ l l a f s IB ftfa^ pistes w»m ma«l«# 
31 
2sMMiML.^^.P^^%Pt ^^^^- 2.)s M moU^ root fmm a 4 ^ 
dsf old cifcfe^ ©^ 0 s@0ail!!^ i#a0 plased ir^rtlsaliy in tli© iait@P 
0ipcl0 nrA tnmb&%^ f«i» iS ti« /ift^f iafflibati©ii flv© sp@sl©i«s 
^f ! • f^ 8;,i^ „|g^ ,g w«sr® plaesi nt different point® ©a t!i© F0f«r«aet 
a f t ^ Iii#«l8ti0si# Seo '^M if«© ©fefeaiaei asi€ esairei'tc^ to log 
seore CTabl® II)• /til mo&immt^:wQT0 r sp l i ea l^ fift^m fci®®s» 
B ©?s l©?!,*^  &n^ S ©s tn «liEi8«»ti^ 3r wer® iissd. In tl?^ iri^ S l^® #f this 
fctJis© a !i®l.6 was isa-ff® f©? t*t# lnogTilsfelon of !i^st<3«#s* Anotft^ 
I em loaf pltm^ df tmteliif ®f sa?^ ^ <3litst€f iras attaatj^ a t ©at 
e?i«! of th«fr a*^ oi?^  tab© fai* InooTitsti®!! ®f host i»©©ts« A pi®<j® ©f 
f i l t e r pai>'-'»r was sttasts«d ©t l^ @ ^netlt^n ©f ^h^ t«& tel»«s# f»ms 
a 6 013 lorsf tt3b« *ll7l?!©i Into a H m psrt <A) aaS a 1 ess part (S) 
^®s ©tstairi^, Betto th© t«b©s w«p© fllleS %fith 0»S^ »at<8r-»6^t 
eri,d l?s QT§.m' to pp<99©nst 4p?in??, pieces ®f ftlt^,?? paper wire 
attachsd at %ofc& m^s« A ^ t^etesf^  ®@«^ ltfjt ^as ptil Is 1^© ssalle^ 
part (13)» Tills was tmmbated far 1^ li aftca* w l^eH j | , f^ ,^gi.f w^® 
intr©«ltieeai In th© l a r g ^ tnU© Cii) throngli fcli© ©^tral ti^le* Tti® 
laffer tml^ i® 'sias ^J^tb» s\ibitirl€@S Int© t®s 3/2 e® r^gioss* fis© 
4istrl6iati©si of ^* j:>i*|r,f^ g ^ s otssenreS aft ir ih, ^ , :^ sa^ 4& 
by catting tii« tmbe Inta 1/S e» feleirlES. fwmW ft^© ! • ^ S B t 
i#@r@ sttiiSJad at a tl®«. Bxperiffi«sits wer-u rfiirlleated ff^© t l » ^ . 
^0» S 
Mm^mm sfi®^!it Mmtm nf i®lr^ti«t fextN> «pwteiiit «fl#F«^ 
fm %mtim t^« at^asttna ©f ^ ftpc-^t t@w®?«« m^Mtt «««i^  
^ll# 4 
I» i?X^r^ feowap^ii eftbtof« 8ii<illiif». 
09 
-5 




















Mmm%¥n m^^%^^, qf,,:immn.m c^e. ^h f« o^s«i^« m% 
s t r ip m^B pp€fpa?ea bf enttlM &tit tto^© s^sfeort fS?©B a %S ®m 
«fis©©t«i» Pe^iwSish, ^a^ mvm uss ?,S « len^ assi 1 « l»@si 
a r ^ af 0«S esi f&F th® tn»«Ril8ti®f! ©f th© host r©©l« i s t l t« i 
T0&t fmm S^»0 iSF ol^ ea^^af© s«8i!llliifs wat inewlsatei fur 12 h» 
Titf«fcy fltr© sp^elfiiwis of eaeti stiift (!»©•» s^9©ai C%)t tlitr^ 
imsiiswB stilsraetidi! immn lo t nmnf® ^ ® ) was »b9«?vei sfft^ 4 li, 
/While th© llM©t immn leg se9!»« i . f l ) aftffl? ^ 6i CFtg# €)« Th^ 
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3 : A 
FIG. 6 
35 
tmwin$ X H the afe^meU^n fcoirar^a eh« g«@Slln* of eabfeagt 
%fB.& not airid^t Catan l&§ ®eoi»ffl 1 . ^ , Fig*®) aafl %h® AisttiM%i'S)n 
Qf tls# ii«B!iafe©^ #s mrrms^n^^ to raafes 4, S aaS € and to raaks A, 
S ^ i 6 Is me afetmse 0f tiost root C^f# s, ^)» i^ttrsetioii 
li«eaffle mi'^mt %m ^ h it^mn log SCJ>F@ U?S^ p<0,0I.U^f«6)o 
f!i0 dtstTtlmtlofi #f a®mt@5t9 ««>i'F«spoiS'!«»3 to ^aste 4, S, 7, i aad 
§ la t&<9 fF#i#iQ© «f raQt$ anfl to f@sl£s 4, S ®u3 6 In thi^f 
a»5s^e« C^lf, s, S)» ifli# li h ^tntTi^tion in tli« prmmtie mi^ 
ab^gneis of «^«illf»? mn^p^m^^^ ^ a^nfes IS, 1.4, TM^ 1? aail l^ 
aai 4, 6 iffl4 6 i*»fp^tli?@ly C^f« %c^). f?i® atltaefeton Catan iG^ 
p<0,0|.)C?l^*6)* Mff@P©Qe«»s in th& attraetiea a f t ^ 3 aisi ^ li 
w«i*9 also slpiiflsraat Cf <0.0S)# After 4 h ^Istrllsuttoa iserres* 
lioad^ t© riai^ 18, ^ «ii4 SX te tli© preeeaet ©f «©l9bag« SQedliHf 
a?sd to faiiha 4^ S aaa S in I ts abs«ne« CHg.S» B>. iittraetloii 
(]i«^n iQf @<}or« 2m^} m,B fo^nd g^ro th^a %hd eoatrol Cm^n log 
ssore Irt®, p<O«OX)CFlf»0)* I t was also stgsslfle&atiy ^ r® 
Ci><0,0S) tlimt tfe« att3pe«tt#a oliservfi aft@? 3 b« 
ffiJly^ ,^W<SMM.MMMMm^ (Flg.7)i Most of t!ie mpmimmQ of 
1* P]^,^§ i*«ata®i n^F tfe« piiiit ©f lno«il.®tlon la t!j@ absimet 
of oabbs^ii 9mAlint tot ip-«*«p0a*t<|(| i5o«tttv«ly in i t s iii»<3S«es» 
T^# isiajsififBUR B$iKt>«* of !i«!Ja!^5#s w»re ®r^$«nt l?i fch* f^S reglofi 
nmw til© tl®TO# ®apsr aft«r 3 an«l 4 li, 
Attpaetloa ®f 1«^ |M9 f^e>^H« tli® seeHlnfs mt9 &vMmt &f%m 
1 h fa tti€! rtgtott ^4 ani 4.^  Cp^O^OllJf'^g,?,^), flc> nsBjata^e r®a«fi©5 
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i-t si^ *t r^^i-ofji ims fr@at«f ttws %h® mm^mw&n&ln$ rsgloiss of 
the efmfef0l Cp< 0,OS>(?lg» •?,!). ^ r # %hm h&Xt of til® 8p«ei»#is 
weT«» tm^M ta til® -i-S region Hfft? ^ e sutif^® ©f attra^ttea mttm 
Cp>0#OS;Kflf#^fC), ffs© fsaniiiiais ^ » & ^ r^ciilag Wsk% •§ i*0ft©a 
was f^es^ r^ foa &ft&? 4 b {p<0«Sl.)Cfli*^,B). 1^« ^twttiWtim, I i 
4^ 4| *3 ai^ 4-2 rmi^ns was iKit a i f f«r^ t fl»m tli# e0i»p««U0iiitiif 
f^flsus ©f tm control (p>0,§iK Hts^ly xss nms^^s^m W«P« 
iltetiM^l M#iiliii?.,M Iis,f l^l^ a C s^* a>« 
S^ Qomi sta<?s lu^isilles tli^wti p»sltiv# p^pons© ta«^ri8 
t?3# @afeliaf€ s#fillsf asS their ilstapi^lt^a la ^9$if%n t wm 
feuUos ©f S€ssal<^€s In s^l©?f Cl-4) #f ^ # Petrimatshm In 
Mhiefe th« Imsl rt^ot \mB plae«i ttes Hi© ©lii«p iialf »®e^%» C4»7) 
©©atalaliif im tost i?«ofe« 
a i r i steft tu'^milm also y^tf^Mti -pssitlf^y l^wiifia 
%h® umAllm ^«* tn© ?Kus^ « sf |mv«il«i rmchlat p#gl0ii.. I ym» 
^%m ^mi^n &f fell® m!3tf©l Af%mt 4 hff<0.Ol)CFIf.8tS^* ^* ^ » aJ^^ 
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region 1 Cp< ^ .OS)* fh$ fissj%^ of thtra 9ta«f# | i iv ip l l«s tn t!i# 
s l^ i f l^amfc ly K^P® than %hm mmhm In Ife® saim r«ni#«i of tist 
fans* sifnif icsaa^y ®@rs thsn tfee r«gl©a« 4«f Ct<0*OS)* 
ta«i?^s 'iQfit F0©t r^s^ilttsn? la l*s« aeenrailstteia o f »S«lt8 near 
ettsg^t©^ fes sp throBi^ t t ta t^n ©Wi@i» st^» eoslalBlsf host 
r0®fc» Tli# aeetsfs^atlon o f ! • ogyj^,# n#&y tls9m« f&f«P t « « f to 
^0 s te l la r to ^mt of t^^l^^ioiCTi^ff ap», Clrfiaaslj^rF * 
nmr ^ i a l r t i c ®«lraae' o f the s#adllaf sl^it . 
i 
ana th®ii» ii%ter^«ti©ii fewari® t**# f©9%, slue* factor® lite® %ti® 
Mat, l^S?! iini ItSit f9?s«^t«i of ^mt^ f t l s s?oiMi f^ot 
C^a^stsi l ^ nii!i«ftj«^, l ^ i ) %Ai#i « i a i mum® stel ler p»p0fi§«s 
F0fjfe ©tferaelants f i r s t sttisalat® tlt# fat# ©f i ^ i ^w^t ©f 
ii«@t0i#3 #ile!i ^ i « 1^4 1^ t i i t l r attraction mA a©mffi^ati®a 
affoia^ p©@ts# Psfhsps smu© |5te<»i0ii@»a s«wf« I® ©esttf i n mmm ®f 
fii© r#fp0iis«i ©f a«sfe©i«8 ^^«»«8 test rnot ^ ^ ^a*F 
frsE sp®ete8 fe ispi}@l@»# I t msj also ^®rf a»f l^ | i i^«i l l# slagts 
of t%© sa®© »^»t»ie » p « l ^ as ia §« |ffl|g|||» ^® « l f f » « t l ^ 
A 9 
mm smmnm ^mimmn m MMmmMM imss 
t^t f©fits? ^ M t »i4 liii»l ««it® «f .?^fa,^^^#^ift .'ejpi^ r^ j^ M 
i^«m a m^kwmm Cl^t) » i « i a J i S i » t« i t« @:f• fe©il*|^a@it@ 
p#l®%l©astitts ©f tilt sp«et«s ^f Mm^^^sfl^mtfrnm^f ^ 1^•m^p'p^i^^%&.* 
ii^ a®s 111^41* Pte^«t » W l w on li»st fa»f« @f r le t « 0 t 
Att«<j^i#is Qf f l iat-pferttt t t t a ^ l n i ^ tsmf i t test t©»ti ms 
tmiv pl«its w^« l « t ^ l9 i#t^iiiiat I ts test ^F^fiw^^t, 
< B ^ m mHjjg &*>f »f*i^t cfl^ p^^ ji s ^ ^ ^^m* .^ -fe|w§i «a 
43 
!!• ^^MM' ^ s 9tnU^^ W tws ffiet^ois. tn tti@ f i r s t ©iqpspljs^* 
dii^®s w«® ©ark f^t at th© bstt^is teto 8@?«a «E|!ial ssrues ®aeft 
I. e® te irMtfe CHf* § ) . Iy«.2 OS lesig ©nets^ r®®t ©f 4 ^ 4&|r ©W 
S06ailaf to b® t e s l ^ ms «!s®ai®di tn ©a® 1* a « real ^ s 
st^ l i iga^t br t^etttuf? i t wlt*fi 1*1 iB^ewl® @feioi»l«!« s©itifctas 
foT a f©sr cilrot?^ f« l l®^^ Isy s@i?^al «a®h®s In d i s t i l l . ^ i»at«p* 
?@tri» l^st;ii338 esafealalnf r ^ t s m^% tnmh&t^^ f^t %M h after 
til® mebtg' ®f »@gjafc9S«f t r s s ^ t in m^h z^me mt esuat^i tm^ 
ta Sisset^F wr*# ussi* ^ « dislias w©?® ^ t^5«S into t!ir©« 
tis® Imawf e i r s l t ^ ^ t t ca l l y 00 t?iat th9 @m%n^ part r ^ s l a^ i 
M* WSMM w«r# i^lsoei at &tft^m% points on tfi® r^^rmm 
0lrel® ana tiiisty aistrtlisiUoii ms r@esp4ej| aftsp 4 t j . nm^m 








i^^Mg ,!^ ii§tt^ ^^  MwA^.A%^f~w.m^ m0..j^m^mmt "^ st«ar 
u^^m f£i^^ Mnh wf^B mmtt^ at tH# Ijattds tsite s«ta® m^ul mum 
ifi^m 9)« ii lm2 &m long 6x«isfiS i^ 90t 0f OB© hsst l^isia es^^dlta 
In mne X iitill® tfsst ©f ai^ttisp la tm^ 7 tism mM.nt ^ eoaMcia* 
tlon of fe«» !»sfes ta tseH m^mimmkK ^i©t» to placss^t tn t!3@ 
agsf, the ri^ta W€?« st^t l isea air^  imstiei in ^ i s t i l l ^ %mt&* 
after 4 !i, Tti« misb^ ©f uoKst^es fr^smt la aafe aone was 
5« S ^ S ^ 1^ «® f#iia5 ttiiit Use !i«g®l©<!^  M^0 attraetndl » s t 
4i 
of ismmiletlm. imme 4J In «i® a^ ssne® sf hm% tmt^ iH^mW^k)* 
sfjtwut®* ^ms^Mn ea^ba^% oarwt, m i l ^ ©si ®»i0n iw i a l ^ l f l -
©aatlF wf^ © 1 ^ ^ tfe# eaalral la ipn® 1 Cf <( ©.OS)* i @ ^ l l s f i ®f 
s««iliBfS n^® inwimtfi9m% Cp>t»S«)tHf, l § , »ft 2)t Mwmm^ 
attraetlmi Cf ;>§•©§)CHf* m, 1© t?), 
f»r@ 1*MI mt t^ © al trat l toa was ttfairisaafe Cf <§»0S t ^ c » l l ) , 
Tii# ^tstrlfeilfea issfi»«ip®ii<l^ to r « l i i S, ^t f f t « i^ ly© la 
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Attraction of H. oryzae towards different hosts. 




























3.1, X% 13, i ^ , IS, i t ©Hi I f t t i feti# f90fm«® 0f a« i i l l? ig i ai3i I© 
rants 4, B m^ 6 la mhamm a f tfi«s (^ii|«1.%S), C^^Mtft also 
te@ Q@stfcF0i immn i® f tooro i * ^ , p^o»Ol), f l i t a i .s t r lM l t#a #f 
a s i a t s d ^ in l!i# pr^t^ie® o f eatsMg© s«isfillfif eorr^sfsaSwS t© 
r#fite IS, ^ mtA f l aisi I® i»afite4, S i w i f i n %hm mn%T^l 
l a ^ e etsMwttlon ®f rs i l t i i i ®M ©atoa (fit* 1^$ f) w«r# ^ t 
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Ranks 
P I G . 12 
Host pw^fmmm %^mim^ ©f g* px^,^B§» kwrnm iitftlea%# 
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sfttraettes ts t^m»w§mtfl®m fft« ^mmt nbn^nwitlQiif on 
sf «stfl® tet %%^ ®tii§w^ 80K® ^tp-t® o f p?tfe!roa«# ^ » i * i s 
tti© 9!»@0dci€ of mA^n s i i ra i is f i f # ^ l l n g s a i ^ l a H l f l i ^ ttafes 
o f test pF@f«»«e5# lidiavlmir* 
Q0t f ^ ^ n i i^^iallf te i l f f # r « t tests, f * j M ^ ^ f ®^®* s^^^nirt 
s te l la r ij^tm^iami* u l l l i e a ^ ^ f t mssi mirmt mmM.inm t l t r t e t t i i i 
an av«r€if® test #ii€ r a i i s ^ « i an t t ^ r a f * @t wa«»^st fer «i*«t 
fH© ^iffmm^m In t u t at%pa@ti#^ ®f J . fflS.®i ^*»^t is «lff«p»»t 
t# ® pe r t l i j ^a r stlimlES is@»l8f tmm the w&QtM P9 i «« te tfe# 
attFastent® te»s^t<is ®» a l l p l ^ i s & wj t pp^^sn »teil.«» 
%# ^ s s i f e l t ttMt ta^tef*! ®i^ «t*f©% &»i^#« i 9%wm^$m n%if^%% 
K 3 
^.lel%mf 4 i f f * « i t ^mm^^m* ia#/)«g?*@ C i t» ) ^fp©tfe«sis #f 
tfi0 fasts C«i»^«? ^ » r t l % 1 ^ 1 Marfla, l i ? f ^ ^ fes'^® ala© 
III® s«T©««lti i^ # i t ^ r a p ^ t ^ la |i@»» mmwMmi ©f J« i f f i i M 
54 
aa# f e ^ i n f ^ftm^i^isf of f l tatt^famslt is a^At®i« ©my faefers 
mm& iwm} mS liat«ll®» # lsM# Cit©^) f©mi ®^t thai t^© 
^ i M ^ I J i i i S l«^«itt«» ®ni^  ^ i i s^t f!«€ sur s i ^ i f t e ^ t 
attrasttsii of l.lf;.iii&ffiia.tv|A|§ ^^MSL ^ <»tsbt?® fff®dlllfifs im« 
CFi^«il# 1 ms Issf tx«igf i f®®ls Up©© 4..€ iay o|.4 e®»af© 
t) ci 
i l s t r tMSt^a Wtfp® f»5# t f l ^ 4 ft« s»r€.f w^# a&Satfi-si BM 
mtm^fteM %& tm s»f*» C^M® I # t f !• Al l esipa?iis«iti mm% 
f4ft#iin %lmmm 
f^# si>iiir# »f!!lttl0tis ip«si?i taw© ta a l l #i9«lK#its i i f i l ^s 
mmitlmt^ et^sF^st, ?&© Isfinsert ©f t?i0 fell^wtSf faet®f s 
iEels«^ «i&isBi» »©fc» #«•# ii3smfes%«a i tpsFat^f foir t , 4 | €| @^  
10 ana Jk^  II ^ l ® f t© Its© ti i0«tottoii of a«wfcsAti» 0bs«fmtl©iis 
ft fflsts s i l i t sua ma all#w«l ^ e©0l» %ol nai islsesi la tli« 
5S 
®isf fsFQliiA I© tH% %mr,%h ot t^io siiie# fli# f » l i^s d iwl i^ i 
Is is #irii@ ?©gl©iiS| m^t I mm l©ii | W m»kint I tats at tli@ 
^t fe© of %n® si iJ# (Hg» M U fti® t f i » t r ^ l a g i mitsM® ^® 
a^? , ©la f^sS was la««jlmfe^ f®i» I t Is a«i %%m Wm^ ft¥® 
®li«ll® p#gi«i!3 #f t i l t i»a®t C^f« M)« Mstf l t e t l « of i i ^ l © i « 
In feht s$@sii4 #iss«f»ts«t ?«»l*4lf l i fe«Hai^® (fit* t} 
"MM « f ^ t 1 S «f! l^ ^uf «@ls^ r « l sts mt into felif»#® optsl parts 
J I J , , »f»ft t ip C0»1. SIS)I »ii# af ^e^fst iaa (I^S TOI ani «ni® of 
€lf<a®« ^^#ii^ itstrl^'^ittna was F«©rdii am3 ®i8i?«i»%<^  tut© l0 f 
'^i%t? e ^ l s i ^ M»ai*© f0ots In P#tof|waiii«a entilslatef &^r« ®i# 
#ff@il ©f ; i , 3» 3^  •% S aai ® w? ^l®l£ a ^ r 1®F» ©a tit© ftfetrae* 
57 
%h^ ftgaff* fHii d is t f l tet t«« «iC ii'^ m*9«®s ^mB rm^wi^- m^ testes 
fr«»^t ^^ *^ '% »»-®i I t i ^ t f l t # « f ^ B iO mt;t tel^) aii^ terte^ts 
l*®tel*Sl9ti^» f l i t J^0%s w^(? i n s ^ ^ l ^ i r t « ^ # tiifl^«@© ®f 
iiitft&iifel©a of nm>B%Qim wm'^ ciaif® fei ©feteli* s@®r# aii# tot 
«#ltestis© r^#9PS# 
iittfae-ti®!! irst t#f t^a t9«a«!s «ets«i <^lmt® r®#tt at i^ I0 | J»S| 
?0i ^8^ ^ 1 aa! 98*^ 0, i©®ts w»# ta^ i^st f i at «ife ti«ip®p®^# 
i t o ? ^ pfWta^ilF* ©^s^pTOliwus mi til® aisfcrt^M#n ®f i i « t t o i « 
I 
53 
s a r t ^ la lo ^n l a B ^ j sIcMlt ana sfi Q«t«p els»el® ©f 3>| t a i i 
%S « ^ t e i # l » «i5amt:rl« t© tti© ?5«trt o f the ?^t^%^iB%m* 
?ti® senfec^ <if attraettsm 0f % 4, 6, H a^a 1^ es ms o%lelE^ 
froa pf-^^iomslF l a a i t e t ^ ai^ sF m^f-m ^th ^S i ^ o l i «@lii«i 
roots f®r i n It. f h t ^ i f f ^ e n t aoiiptss #f a l t r ae t t o i w ^ » 
placed s^a?st®lf In ft?i# inmm el fsl® o f III® ?®^l* i la l i«s 
%f F^ las i i i f ltt@ @aE# am©t«it ef ®car« A l l T*0^l*?llili«s w«*© 
luet feal^ fsr l ^ i pr ior tn tti# t^»3alati<» 0f a « a t o i « ®ii4 
©i»s^i?att»iis w«# sa^t af t«r 4 ft* 
fwom III® test ?9©t« on !;%# a^feraelt^is &f ]|« @]f^,a% l^@^l* i t i f t ^ 
s©8teps Ci»»*yi a t 1^^ tel*9B CFlf# § ) , A l * t » teai f s r t ©f 
?©«>% f ^ n tile @®^^f« stei-l iaif i «® t»e f i la%^ la tl*« nmtm I 
®^ 3* MElSli ««*® twealatea In tl is s«et©fs % %,% 8^ € &^ f 
n ^ i i i»!® i i f t«r 4 ft. 
5,9 
vtiil.® t ®i[^  4 li tJi«itefcl©a *it i i » t at^s0% til® !i«!at«^®i Itmm. 
slgiilfleantlF up ^ l ^ l f ft ItimMtl^n Cp<§»0S)# fe# l^ff@»«a?i® 
f0i»^ tfeafe ^® ?«ii©BS $m% I® mmi ^ 3 « i«s», wjet t ip «3ii ^® 
Isast Cffi^ MS tot se»F« l»i05 %© i^»i» i * i « r^ f t ^ i (Ptg* W)» 
®^ I t S f f i M «^^ ®* ^ m i ^ « 0»i m twm% tip) m^ l®a«% t^i»?is 
afctfa«feteii to^B?is &.3» <a ms i t p i f t e a s e r » r t ttaa ^ a | 
te«^8 %S m pari Csiffla l® i s«p« t»tO^ f <§•«) la P®l^i« 
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4ttra«tl0a »r | | , a i H i S iQ a^**^ ® «iff«f#it r^giess ©f 
H©# If? 
iltepsotios 0f 1*. ® I : M S towards iiftm^mt f«ffofi« of «holt 
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Region of roots 
FIG, 17 
62 
©f agssr, tli# a«a t^ i i f p<isposi««(S pislM^sr^y Mt th^ir afefcraettaii 
aad 4 mm %iai saifeabtfi f«F ?iaxtiiiia attfmotion immn lm§ nmw^ 
1?li# ttt^aettofi was lm9% In i KP (s#an lot S<^F® J?«01)» 
O.S an^ Vt la iHilt^ i t im=i assel^ oB* f© si^itfieant ^iff^^aet 
was tmmA in a%ttaetloa la lfe#s« %mi apit* saneieafeipafctaus Cts^ iaa 
%h^% nas iKi attyftstlsa In 9, 4, S and '^f agay 4isti»» (p>0#0S5» 
teiii% nasFaal Itftifis m& iai»te«s« 4td mt stgatfle®atlf" tsifiuta^ 
^»Si) «rBS at m sBi S^C s«l was stiptfteafitlr filis^^f thsB tfee 
stlapa^tloit a t IS &t 3QPci (|i<O*02.l» tli« att?8fiti@ii ms inait 
I f §. W 
E* l^gg^jg tomt^i eabt»i^ f# a®gliiisif* 
Eff tst of aiii0fm% agar «iii#«sili'ttti$sii on sb# aUraettbn 
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Agar thickness (mm) 
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Agar concentration (Vo) 
PIG. 19 
E* tfgMg te«f»is mliMf# i # f i l l i i p , 
m •, 'Mtnf 1^ • i ^ i Qy • §r#«i fit • t^lmm 
ft§» m 
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Temperature (°C) 
FIG. 21 
t^« «iK# ®f tli# «fl«ir«#* ^® s f t i w i sis® m^i^ l^r ««ti stege 
mm W mm tt ^ms mi%&hl% Cf <0»^imf« S% 4K ««s t tlitra«» 
& l » 0 ^ t l » l Cf <^*Qff) fet at%m«ti©« #f t i l * t l i i f i a%»i« 
i f ^« at t r i i t t« i ^ § mm it«B«t«r eim? Aise ^ ^ t l t ^« r# ^&s a© 
attra#W©m tentfit t art 4 i » «siit««i f f >§»^K 
f l i t mm%^ #f tt»6.t#i®» f «e^l i i f ^ ^ « li®sr s l f e l t i»s f ^ n ^ 
JHJUHfr fite irii itt»i 
0f l i 
B • ; Stilts* 












































Source of attraction 
(mm) 
2 L 6 8 10 
Source of attraction (mm) 
P IG, 22 
6? 
ui^iflt^mtlf t©im?3« 2 m^ 4 mm mmtn^mM Cf >0#0S), 
I £ t e l , A L - M ^ i m A « M % l CP'lg* S3)« tut am©Wr of a®at©a©s 
fi?om %h^ root it8^«a«^« laidwsm imis^^s w&t<^ f «wt<l«S la tti« 
35?is# 3, ^m In^e^at^ ia ssetofs f. s ^ 3 i*@*, I e® sad 3 «^ 
from %h^ i*©®ts» Tlief w^e als© attPattoS la sufJflel^t atistsig s^ 
Sid isst r^sp^aS ?j&®ttl9^y fes hmnt m®%M ^m tstofialat^ la 
8@et»ps S ®i^  ? I«%i S «i«l i ©^  ftm« ^ « litst reals* 
fti|jp<>2»| ttit floilfifs 0f Mousse ^ ^ , iWf2} 18^ 0 als© 3141 m% 
f t ^ €iiy ilff«F«ae» lis ete« &t%tm%i<^n @f Jwwll ts of 
saj^gefts tliat a ffltelamgi pmi&A |g atswiaFy for t*t» *l«»^dfs§«fe 
Wi% lis 
.fttt?ft@tlim ©f gi agy,,gif •tonsfit iai^Mi« i iwfi l lat i tm& 
2a 
ifl 1 6 
X) 
o 
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c 
—1 h i^ 
l i l t 
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ff^Staas^ a^tlvlt^ ia%iMt«a aftftrattten ^fVU ofygaa im mre 
attPilwitta t© ^«®r«asii set l^tr* ScsM^t^ tti« ^Iff^stea ©f 
rod?: atfeab^taats im %h* mss nw *tss hm% hi$m 'imflnm^^ W 
fei«5p^®t^€3» fti« rtttft of €t TfUBltm nf attpantaats «as also 
tn% «iff«p«att^ i^fesurtotip t9i®i?5s regioaiof root ©^ h% 
aad th« siiilfes in ^%tm^%%m towifis ismylmis mnmm wm ^« 
sigratii «p fe® 4$ m C%<S«| 1^ 6^ ) as^ ^iglli^, ^ J ^ ^ ^%n% 
ii»mij^l6l t0 m np^ &fift t50 r^ «*H t»i«tr nmt9 itmk^f i^6S). 
#i^ .«?h. 11,1 te®«t mlf ftmi «* <flsl'Stt<5# ®f 4 «8§ ii^ ile^ is siigli®r 
70 
I t is wl^^f aee^pteS that ple^t-parastUo asastiitSss 
are slttraeii^ towrts te^t plant foot® (oirdf, XM% 30Sd| 
i,aimll^© a asM% l')S2| 4r?t ^ feiraJfiMPl, 3»97f a)» %© root® 
th«lp «iip*© f^ctQa neap tfi® pouts Caiife% I.98SI* Olfi^ r warders 
s«i;g@9t fcliat agg^egstton near roots ray ^e «!«© t© ranSoB E^VfSfQt 
Citite, 19®I Qeffimnri & fan 30II»F^^ ISSi ii|# h&wm^&sf &* 
? i i l l ^ ^ i o <1961,) miftt^stflS t*i©t rmtn hmsmim mm%^mti'9^ ^m 
tfi©i3P fr®%ith e©s*f«S OP tessa©© ln!il!slt«3» AttFsetlireffi^s imB 
fmiM to u® pmpsrMdu®! t» tiie ^at^ ^f ^»o«t& ©f ttot y^ots 
*^tos«p, iiSif t(ai?aX! 0IS/^  E@li4% i^S)^ feat yoots telll®* fey 
hfiatin^ lust tholr attf»a@tl^ @n«3S (I4?if©?4, 1 9 ^ | Slf€, 19St). 
IR t*i© ftell®-4tr<g ftii® luflacas© of tli« p&jrilolegleal stat® 
0f nni^^^m ©s *i^l as tests' !m§t r^ots ®i3 t^# afetraett©ii ^f 
adults and Jti^^lloa <if g. jgSC^S ^ s st\»Siedi» 
I 
MATsaiiifcs ABB uwmm 
esa^iiilng %Si m.tt^tmSknm in tH« pyos^o® of ©i^lsedl ^btmg« 
r@©ts. fha @®®pls«ts w®P® Q^n-iMt^ at a m'mtsmt tmpm^time 
of ^8 ^ l^€ m^ m^ ms f^llsatdS tift%m ttc@8« l!i@ eontfol 
m^mimmtB w©i*@ ip^ n '»ltli9at *ttist fa^ts. 
71 
# f | « i ? ® i l ^ an'f s ^ i i l t i , s is @?© *:wiips of ts»a5€ tcmts ^«re 
g^e0t«d s^f % % % % M a,wi 12 i a f ©Irt tm»t§t %® ^ t t l s f f l 
t loa , fi^® spe©liiiii» ^f m^% ^ t m i l t stag® «<! ^ af i^t© ^ © 
l l l t » l o t SSSFtS Cfe&lt f # I I I * 
I 
%®i«?Ss aijetiif ?t0gt ff®%s a l l mMltimm wm^ sunt as 6lJSt« 
i t a®rs ^ fe€«pliif ftfe» l» tap imtmm TM^ ^©ti f ®f 
€«=d r®0te wfre ti»©i^fel€i In tfj® I n n ^ ^tr^ l® o f i^poifat® Peferl* 
72 
®«sof0 (lsbl@ I # If )# 
* 
C?lg, 24, ii)« 6 iay ©l«l rooes attraet'ai sasisas mmhm @f 
@@^^ ©tag® Jiii'«ill€i$ (©©an l®f se®p# i,84| p<10»OS> n&lle 
atferastloii te-aafiSs 4 inF oW routs \^s rmt sitgalflcas^y 
1%@ ^1 4, S ani S 5SF ol€ root® atttaefesS %%i:^ Bt^m 
jm^milmm mth W a ^ 12 «aF 'Sl^ rosts m attm«tto» was 
immn log smr t t»«03). %® aiff i^pen©®! in %%^ stlraell@!i t®ifai»€i 
%m mw^@ tm nm groups ««»i» r»t §l^nifl«aafe (f >(5«0S^* In Ife® 
S m[ ^mt^ Stat© |air«il#S| 
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h 
I 
Age of roots (days) 
PIG. 24 
71 
Ce«a iof 9mwm 3^if) fmU P%® immilm Bhm-^ Imaw ie^@® 
^ # att fastteft of fut ir t^ slag® M f « i l ® s « » also 
%« 9«i i a r o i i roots w©r#jiatti»fiell¥s In f^swt^ stegt Ja^ei l lss, 
"Sh® &i.miM^ w ^ « s a l ^ B i t i t a « f i s # «af olfi root® immn l®g 
STO?® ^ . i ^ l #si@!i « f ^ te^^^t . » t ftff#p<^st ft?0irj %h0 m^mtlm^ 
r ^ t s Ca^n lug se®s*© t,.W, .t>0,OSh itlFaetl«iti s f Ja^eallts 
tempis S aai 10 i a r old r@®l« aeellsrf s l i J i i f l e ia t l i r Cp <0«01.>« 
I I I at® grasps of fodts atteraeti^ %%& ^ t U t s ^ ^ 1 
i t « ^ oM rcmfc© fe^B log seor© 3*3S, f >0,9i)Cflg« M , »)• 
f.|««t®i® atfe»s©tl0a was P se r ies t^wktis 4 aai S i s f d id TOO Is 
ip®0ts C®@ao teg s®3F# l,9B) tmpGQ%l^^w Cp<0*©8|» Ki® ®tfea©* 
75 
CFif. tS| 4). iitt?astl®a to«f#a % 8 sisa » dli^ dia roots 
%©w^f Si 4 aad § fay u l i ws is Ca^ii l© i se©i»©.2»Sl, i»St M« 
a s i p i l f l s ^ t ««0llf!® in ^ # i«^®© &t atteiefetos was ®l5^«*t<^ 
Cf <0,0S>, flt« aimltt starve foF # ^aff ati®i#^ au attrsstlciii 
Want®!© mttrmtion &f 9A^I%B sfc^rted Itir 8 iairs ^as 
Btfmt9 of sl»mt4<3a of nmmU^m « i «i#iaf ®f mMMm 
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L 1 1 1 1 1 1 
2 i 6 8 10 12 
Age of roots (days) 
PIG. 25 
11. 
ficsato^«s ^mm twr^s^aaslirs tasnarfit i t t^ef ©l i ^o^ts (ts^a ten 
1 
te«^as f | €, 6 @nl 8 i®f ©Id p©et® Cii^ aa leg s^f© l«@St l*9S, 
tt\® aim'« at® fmut t of fnot i Has fonn^ f l ^ l f t t Jos I l ^ ^ l # i ^ 
in t!i0 s%*F©0ti®n tomfif i f i i l¥ ld i» l age gr©«iS of fo©ts Cp>O#0S>* 
or 1^ <Sa:r sl« roots <#> a«OS)» 
%® att^aeti^n «*f 2» i l ^ S f ^iult® st!si?^ i8*3 t^t I t i ay i 
i,?S)(f?lf. 28, f l ©s^  ia® a©t ^Aff&^m% m%%%& «ritfe I5!i« ftt^a^ 
ol«S r©9ts fii^an ion seisp« 1,?0, f >0.§s^, M^m^^ tm%n % W 
^ 0 sk%%-mfi%lm of i« a f f i a t aa«aij« l©iiara« iiiy® w i 
3#SS) i ^ l lo a«aa Faots aia not attrset t?i® iiMatH^^^ {mmik log 





















^©gj ebe a!J©v© obo^i^attoas I t Is ©«ti«il th&t as tti® 
eabtJdf© i^ots ^m ^Mm thw f sU^ to ©llfilt a f»«?spo880 UP©© 
freshif imlrit^ aJults ^mff^stlag t tet eii«^ wme- m E©f0 
gs'wxpf af tmts aims ^©er^agd laaiealteg that hml^m W10 
r©sp3as@ mrmhQli ^^<^mB^ mA hisagrF n^ssatoies est^i pafe^ive 
P@Fliaps «tiJ3?trstlafi 6®«se8 sn lise?ease In alRlrm© tesj^ase 
tfti^ ostss^ ld as %2 iay gttf^eS ^«ii^s fallfdi to r^psasi ta so©« 
of tett0S@ sf^ grotif® of r©0ts i#itdi afcferaetoa lesbiae slar^^ft 
n&t&to6m^ ®r f^rttaps a l©ss in th@ ^#^0® of af5t?s<sti©a ^%h ©a 
l¥@s |©s0 #f m^0i a® sfcitrtrtfii? uematoSts wfciltg® thoit p«s«pf« 
fmteftal <G^ p«g» a- fan Ourrfy, 1^ 11^ ). H i^e© test^.faelorSf ag« 
^m& iWB$} fifi4 tofall®«> # m%^m (i.988) fcmiail 
89 
l » te^. 'Wi© d t f p s f l ^ ^ F %% litis t& # i f f # r « i t fissfcs aod 
!iw*stoi«s ana iilso a l l ii^ *-5t©a@s are a#l s«ailfci^© ^ tli@ swi« 
i t i « l u i s #^ a l l plsntf i® f&% p»itte® sl»lia.F ittefattassts 
i£,laf©r«, 4 9 » | S l r i ^ i ^ a i ^il«»i usisfiAit tii# f ^nUta ©a fefe® 
f'^® at l rael iea ©f j | * i s ^ f i i l » i ^ « i © d upm t%s e«a ^g«| 
81 
^m^Mn m^it tS0sts was s t« i t ^ fej? l#ai?»ll«0 !> Rohdt Cl,f^ @), 
OFlffla <B6t), I,©© t mam (1973)^ Asssi i felr4|puf£ iWTt a) 
Uiit ^&t#iitett9^s &n ts® offset of coa©#jtr©fclos» ©f i^©t 
©a?fe«i ftl mm '^tum I s ^ iw® ei«al ssetors CPIg» 01, ^ pi 
®f 0mnm <mbt»g# r©0ts of 4-^ 6 4^ oii s^sSitii^ » ^ t 
tiomi^mlsii m e9 isl ©f ^ I s t lU^ vat^p ta a mming bim^m 
@®iie0ifc!»att0af« fa 0&s*#ir« attHietlon, a ©Ball 4asat;lty ®f 
82 
I 
i n agar in ®#s!^ ff % ©f ®^®rat# ?#l?l«4tete08» fke ^%B%m ww^ 
«i« i iMntilisttt fm M H Q% ^ ± A « fwmt%f f i t® 1 * pmt.s^m 
«®r« Indentst^ in t«l#i» 4* 15«l^ i l t tF t to t i ^a was f ^ iK i t i ^ 
i i f f # ? « t teTOf«mt« #0St«!itf*«tieiis »f 4*S ia r #!«! p'owiag 
I 
» a l l . ®tltf«i5l«efet a ^ f s l ^ f ©i^ ft?-© a#istet«f i#«r® f l a ^ i ^ 
to ^ € 1 ^ 
E 
tti@ ta l t i f t l p i i» t | «fti ®f«itt to til® 0fe»i« #3ite»« aai teaft ifes 
th« iR i t ta l pdlttt i^ LS eoasWifti as ea»%it«[iia^ oat i« t% %# 
0^««fmlte»i w<^« ««« at % 4, e, i , 10 ®aA 12 fi a f l ^ tpsms* 
I 
fi?iiitt«t imy &%^ of m© a«U¥l l f , d«llifi%F ta tap « t « 
oh 
fli# «0ltjlt&ss la ^%&h fell® asti^ltF i ^ l i a ^ bmlmw tm w^wm 
p#r nin «@ sh©« ^y doeft^ Its^s, Sets 0f t^m tultittoss la 
III© «fttf^i Cp <'%©!)» ??»w9tw, t*i® ^iffwm^m its tti® wsfe* 
®^  M» MMMM vm^Hm wM@ X in t%m pwmm^% ©f ® ®a# -^t 
m^T% i^an t^t ©fiafe^ l M^ ai»@ ^ r » t%aa %fe^  a%t?^ a®%lf»n ^«»?4» 
4Cl€ «0|ttfcl#ii Cf <^ O»0% H i . IT?, SI, 1*1® raasi#i» 0f fi«al#«€S 
r»e^*tof mm® t inmmn^ tm*^^t Is m aitl I09f li?i^^«®6€ 
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flit pat ios df aefelfl^ <if f, MZMM ^^ ' iaft««i««t W 
til® ®^tlft%' of th% nwBtm§,m fm hA^w tue m^itsul. a% all 
a®8 l^€ tsintiaat ^m% I t f#ll li^ ®w WBti^l ki%m € «tti i te 
rmpm^t^^fm SO am! 8§^ esutwimtioaa stlfrt.fefesafi astlfllir 
slpiifl^ttt Cp<Q#^ SI In fes^ e©ae®ilfmltow. la ® »A 4M 
%h^ i#®liaiiit tF«^ In a«tii?lfej i»8 ®lis«t«ft a f t o ® lai 8 li 
flit eafw»t i^ i©g«$afe# mn^mw%%i^m &f mn^e ^ « iOf 
p»f^ mf@wt«i?aBl# f#f III® afflaW«t# fii«lr atltft% i^i 
®ispf»««ea m&^ h^MW ^® ««»«%F0l at 10 mA W f^ ttintteat* 
fli« 4t®i»®ftf# la th« 4e l l f i^ a% iO ^ lOaf tcsBis«^a%t#^ 



































1^ © 4©er@»e to aetlvt ir tmm S t@ IS fe at 80 an« 1®^ ms 
atfet^ltF » a t ©aA laoraate to the @<sUi?l^  ft»®a 8 t© 10 H na® 
st©5ifl©«l} Cp<0»05)« SfeUcrirt a t ^ f Hmmgrnntm ^m^m^Sk" 
tioa t^® ast i t l ty liMir#a8«^ ^p to ® fi Cp < O«0S) fesifc aeiaitt^ 
uftmrnr^B ip < O.OS), ^t a l l mn^mttB%%i^nB l^u e^Uirll^ sli©w^ 
mnemtru%%miW0 %© ©oti^rttF ^@t^«is^ fr«is 2 to I t li at tO^ 
40 rniM B^i mxS tis© «lff®rflii«#s tft tJi© aeti^t^r aftes* f asS 19 ti 
pT^w^ mimittal»l<i fur l^t aefel9|i|j|r ®f a«i&te^«i8. At lOOf as 
la o ^ ^ eQa««ilraei«a« l*i# a^al©^® ei^ n&lfceii a«8ttirtt|f l ^ s 
triim m^ soatful ©nai t^ts loo ^mlln&S, fi^m& S ^ 1^ li» flia 
^©er^f© IB aetifiis? ©f a^ sfeo«!@f «ss m^ %mB thsu t t e t 









































^WL¥§B taf Ions eaiig®iFmtl0is© of «iJMf# w^Qt %pm§m&tm 
<l | f f« r« t tost m&%B « tft« a«afeii# ae t i t t t f s ^ &# a t t r l ^ l ^ ^ 
i e e l l a ^ i i^fe©i# sefeltlty wrfeeilr tfe ®l i mnQm^&%%^na of 
«rti»ir h^si rsat m^m^ t t e l 0f »aioa la mim tii# a ^ t f ^ ^ 
90 
til® a«ai^1# aei lw l^ . 
PREDATORY BEHAVIOUR 
Si 
rAmAMm nmkwtmn m S8»4^»® 
pmm^Tm I ts m^f mA nimk tei« #9al«t»« ^® f#i»»i^  ^©np 
8 slatl® ii^ dSS IS l lMt t ««li t i l l U^ t«#t*te»t |ttv«ill^ 
mnm^B in m^ M®l#gl«l t#tttf®l ©f |i|aat»psm»iti<i abatesi^ 
sarAi-.ti^s 0f ^^M ^^%%.^^iM- f^A^ ^« lawful,ia %h% mmWmt 
£« ms^^m ^ ^^^^ .MMm^M ''mmuwmg m^^ p^m* 
92 
V^f rmmtlf^ SBtm$pmi a Ami ilffBh) m^&^m^ pf«{lst©fr 
bdiaviow ©f _Mg^ i|<^ gl|^ i^ , .d,iii^t^g miiik is mmmMf tmi^ la 
oa ^ « life feis«@rr mkd ealtirlfig ©f i^ aoagfeM iigsllSMf ^^^lle 
t© s®?©rel f ^c ra im« sp#sl#t CSSS^TI l'S@3)« %<^# ^orylaiiBs 
feti®lif hQ&y mm%mt^* Ap i^orsatly th^f i s not ia|®et sallm lul© 
tb^ WW CH®Ulit W0^1 m T^^wt^ in th© 9pmlm of 8,elinigft ®f 
Llafor^ & 0Xiir«tra C193?) ^.md ttiat dttpisg fedliag tfe© icii^ l&iiM 
ils0pgx^t80 the lat^^unl 0rg.8^ is of ftit® pwi^ m m tfi <plefely 
m ^^ ^i&# CilsUts, mm% !#®«, IWSI 1 ^ tti® faa^ CS©UlStl.9S7| 
w cJ 
I>cjrFlai©l«fa esatatiis tsai^ pn^aetoiis sp©ei«8| s t i l l fchtt? 
la tfe© p^mmt. mrk t%® pt^mtrnf h^mf%m» of 
(^r3?t®i«l^al BM€ !tss#ii^^§ ag^ afei@a,^  ^©^89% l^S immnsMAtA} 
ln©lti4t ttj® i5©<^ssittffl ®f f@^.lmf, f*©fp0!is« tomt^s f^«lff ^^^0 
©f pf Nation Qii^ , sff«et nf pi»^ MBjU^aa tise rat© of pi»i^ ®%iQii* 
Ttiis w i l l fi«pfsap§ b« fe^« f i r s t stu^ Sy of HI© ff«lsfeoPF l*#i& t^@ar 
© fa i^i@liit» (i&Vf%miM) a«§at®it<a» 
®^  I* -Q'jS|iiiiMjSp8« 8feit«s la«l.«i^ti m©85^ «al»ai of f#®ftliig| 
foilenlfie feetors iMtdh iutlnm^e ppedi^ifr ra t t w^ r® als^ 
91 
mtmiM^S A!I3 Mif!l0BI 
3'«t;alpisr» a i^ar t i , fh@ s^pl^s wee** s^rgS ta p^l^Him© 
0#l€ is©i»mii»ie @ i^oi»l^ § ^lutlais foil«>¥fi W ^mm?&l mk&hm ia 
ells Mil €5 ^mtmm 
^•S m 0f ®lf^ ©all, 2»S IP 0f M«t«pi®i#fi$al p^toa® CSilf) 
aM m m ^f ttgay ^ iM#lir«s la %nm m ®f ttttiiii^ mt^e w 
hmtim ^« « t t ^ feath* 'Mm. i l^sslvi i tsil t U l l la wsttm st®ft# 
the a«sxt^i« sssf pepts»# aas a4<!^ airt t«i« mi^Vm mm allQweS ^ 
9: 
la S»S e® i t a s t t ^ ?0^l«4ls!i@i, ^ t E^^IBS tasfsstst^ of 
III misr hf li^itinf la @ ^fe^ MtA# ife.« th» iBgaiu© i»t s t i l l 
Im. ^^%tm state f ^ tetit' m» .a^dti tisd' all^wipi ^ ecsol. *^t 
fP^|iji|>||| §pt- fills sp«etiii «•« #Atiir@l 111 platp @g&f» atippleiR^t* 
I® tft^r ltt©etAael«iii. As teetirta w«# ml so p»€!S@it in a® gat 
9S 
tste tisall pl#s#s, fii% %m & mAl «t f t# Slsift ^llfe t lssitt 
wsp© » i l « i t ^ f»is l i « fteaA &ttm U»»t4 ii# : 
9? 
-^^llttlfa iX^Wi vm% ffi»@ii «rfe l»t &^« feat oa Vt% pr^fa^tf 
^ijfigM®! B^ « «® ®^  . M t e M ^ ®® prmmum to temt. 
file tofTlalB pr^ai^rs m@ mmim'mm'B aa-i i^^iv^ Hi^i? fMii 
©ait sisfteln fp«silsfcliifsp 0fi tliff fff^atdJTF htMteef a«»# 
mfmt&B mn w^mmu 
ft^m puMf fi#iis ii«F ¥lll&?0 lasmlpiir^ Algr»rti» th0 ser ies 
nmfc .^ o«lr a^olt wins «ai f«al«i w«@ n^mt^ fm ©&s«m» 
88 
m teall. ^ a i i l i ^ ©f 1< »t.«*»®pr# %© aipr i ^« i m&l^ ^s® eal 
prGators aii i p^r^ iias | « t l r w t « ^ t?f a ^?er«sl tp« 
#« p las t ic s^mt nit^t i ^ t i l f t i , s «s l a i l«»#fe«i with a » » l i 
®l«0t ®f f l i t « ^ fap'sr f lu®! I© sii# ^ ^ « s fla®«6 111 t ! i t iiffi«p 
Cmife lute tii0 fimm) pr^% % @%taFt@ fe^ttr a^t^mtimm 
la Hi t g»sw 9l|>€ aitl in'snteit^ fm 4 li« After tsmifcatloa fl»@ 
99 
4 li# the nm&n& «9^lffi«fe %ia« s«j® «s a ^ t * » e ® t l^at ^ o 
p«?ria€ ©f tw i^® ^«r^« f l ^# iU th»i i©t were ti©^«S wltfi tmmtf 
ft^® ip®st®flns « ^ o f ^» ^^^^t^g^afii^ ©fid J l a l H ^ t s^^t i« 
w©3?@ JEaS# ©ffeef mmv ®1 !i ®5d fets® pr«i®fei»9 wtre tifSQ-sf^T^ 
to f!»t^!i a^ lG igs^nlsifiiflf tiii<»ifeF ^X^^ P ? ^ o f tli# ©am© tf^©. 
iaeh ^ p f r t e « i t was ^s^pxt^at^a f l v# lto®t» 
M^X^--P,t-r^g^^-^'^^J^ to e^§«rvt « f f ^ t of pr^ aye^er os 
so» 7s, i^» its 6i3i iso ^ . mm^MmM ^^ mm^lM ©PM i^ ^ 
fae i ©3p^te«it ms f ^ l l ^ a t ^ fit?© ti«®s* 
esRtaet was ^@#tfctM ss e^alftufc lirttti sny ©tft^r to f lo i i o f tti® 
b94r o f pf i^&t^r ata t ^ l t f i te te t t mttatir ©r k i l l i n g , x^Sim the 
10^ 
0f m0 p^m 'A^ i^« I t f if#ii®» mm In th0 f ^ # « s mA® tm 
feteiisfcs &F i t s esral. to^ftfi w -as I® p^aslsi?« lli# eiifelel.# ®f Ife^ 
tiiTOsfciaf 0f fe# %^te %f!»w iasti® %**« 1^ ©€f &t ^ t piPV« ^ 
lfit#Fmli5 0f «iei«l«i ©etlfits' l»slt®€ « f«» s@^M®« At ^ « 
i » ,^fgii,if| w^n s»« im^in^ on « siagl^ pf^^ ^ i i ^ was m y l i ^ 
©tit ^ * i€ ^ 4« t«^ ts i @« ito« f i m s ^ tff® &f WW* ^^ ® 
%%Q agar steoirtd affiallr ^ w r i t m^ir ®Mm* W%m Faafe^y 
ffiutlaif tmm.9 mm« in mn%m% wlWt I t t ©w ®fg, wn^ tefa l i t lip 
a w « i tilt «if @ tm timm. wlfefesat asMBt f^fntltiit 9f wm^ 
la eomtfmsl to tuis, l!i# f»al# ^Mm in mntm% ^%h tH® #fi ©f 
101 
f r ^ nmm^dm «»«s«lii«t «it i5fia«ii^# 
©as® t ^ t fttfe^eil^^ a f t « »« i i H0W mm &tAf « l l # t l y d t f f ^ « l 
fi»@s t^ @ i?siitF8l C|k>§#§i)» i fe t r«©t l« tewaris l i t © p p ^ affe« 
atli»&€%te?i tnwsris l l f # p f v i^?# ^1» 
Til© »if&«r s f |JI»^ l i t l l ^ « s f l l ^ ^ l ^ i l f f « p « i l fa«!i i©f fttii. 
t*io €t^ff?«««»i ««r# ISiSlfsifleant Cf > t«0S|« fit® p i ^ ^ s ^ W i 
'ioMSf«», pi»<tf®rr^ i l s M i l M ^f•§ ®^ p ^ ^ ^ t l ^ l f l e a n l - l r » i *« 
®^ H ^ I M J *P«t ^ ^ s t ^ i f l t t e U ^ igjira Ittan i ^ ^ iS p r ^ 
9^mimmB ©f t f i^ sw# l i t© m^® UB^ if C%^9U j « .,^l^y*i|g| 
mtrmti^n af !• ^tS^^rfl t«i«?«s intact ww* 
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•—• C-svmmetrlcus 
0—0 Rhabditis sp. 
0 ' 
0 ' 
" T — 
25 50 75 100 125 150 
9 
No. of prey 
FIG. 35 
10/1 
la aster®, thm' w@f® »fc stlm@t«i ^ « r 4 « pjife«Uttl p ? ^ 
«mfc ia tMlf|f attracs%i^ t # r ^ a | ^ot^et® p r ^ s ^ ^ i ff-sa a sHiirfe 
I 
wtr® Atfcra^tv^ i^» to any atsratlaiits r c ^ i ^ i»F tti« prer 
l03 
fm>m that p^porl-si ^ ^»g f^ i fw j l aw l l l t f f I f « 
I 
as www fm h* mimmmMM^* s*^^mM^ ftstim? pm^^Lm^ 
I t s piPty wi4*i ifes Mf&i tealft llte# tb« ^Itmf spm^u^nM ##ffS.ala 
pr@la%ors CMnfora n §2.ii?«l»t l§af i ws« ^ ^mt&m% l iW)« 
fe<^airli«ii» 0f pp^« 1® i«f i istt» f f^ farwe* for « ^ pajpti^i^a^ 
say fesirt p^«lt©i tet ^ f f^ te f f fr®a l^i?«r«fi*®r «wi».t@w» 
fists ®fInlofi, f i#¥^^|, «?^?%» ^ # t l w UtRl wff§$%titin W 
E»<l fwt itt« tn attr®t%t«* 
105 
wt'^im tefn fe#«i «^# ©a ^ # pF-stetof? psfeeitlti of s^soneJis. 
fiiwu© C2 i^^ 5 i t » i ^ m&% a i ^ i a MilXli.fei ®»^ 3ii^  tj0iis#f^i 
in eaafcfsUtiif tts® popiilsttefi of CTi|#y»&©ffl mmm^&m* f^ef 0 
fiat %#m st»iil«il ^ sr«i3»ts«Fl a- Mti^tsiss 11"*%), ^al^aj^rl ^ 
©si^ netos %& mntw^ mil mm&UAm w®r^  QmTtuM oiil l^ r^ C©fei i' 
pri^atJOi^ ^^mtm^ ^t aetata and Ju^®li©s ©f n^ iion@ |^|§ ^ © i l t o s 
«ifsaiM^i Am nmmmB 
Alli ^mm^ t^« first stag® Ja^^silJies w^^ ©feteia^ 
dif^eetair fp^ ® lii® mil ^^Im W ^t^lm ^3i tleeantatlon an« 
ImU ^ fe!t#se f«al«^« w«f« all©¥€!a ^ tiatefi ana th® $mmilm 
le? 
ffe ®feg<!?i?« Hie ?at« of prsSafelon #f ai^slts &«^ Jtsi^«Eill©s, 
f i ?0 sp^siums ©aeli ®f aiS^feSt fetii*t%, t^l?4# tteesd mA f i r s t 
a s » l l i p s a l i t r ^ f i ^ «a«^*a^ i r , gtill@igia,€^a fj^^f|i?,|Mli^ aa^ 
ut^mt^ ^ i ia?i« i f f pTw$ « pl tet i© feiit*® S om l?iiifj Qn<S s rai 
Is d%sm&%^ wi^ t l i« tols Isfi fcfi© ts l^ i l0 ^ s ass8» h% ©tie ^ ^ 
of %His W^e mm^m % m ptm^ # f IsMn^ ©f t^# sso© dlQis«l«r 
WiB «tte©li«i aisi ^t%ir#€ii feli© JSIRIS a ;tt©«s# ©f f i l t e r pnf& ms 
plaetd* ^tjui a S as lon^' teii© 6 i i r t € ^ into a S e® part amS I mi 
p t f t w » ®fetelJi«i» i i i^ f Wks f i l l f lS l a t^# to'fe© ftros ^ 1 ^ tb® 
eM« a i ^ fimm &f f%X%m p a f ^ ai»|rll«S t© ^©irstit «Srrt«g. F i f t y 
ap©isla«^» o f tiie ac^aio^^s to s^v© as p r ^ i?«r® .put la tn© 
s » l l « part »f t i n mim aaS t%# p?«lat0rs ! • ftayial^^.jB^f m m^ 
Isffgi^ t\ife« mwtm^ l!4© e i ^ t o ^ fi0l«t f i js 4lstrite%i©n of 
pf Qiatsps m t ©%s^i?^ %flm Z%W ca t t ln f tli@ tab® Into V ^ » 
aioat at f r ^ otp a <sw!Mtiisti#*i # f t%@ f@ilowtaf nmm^sA® sp««sl#si 
108 
l>a%t€S»a# j^strlst l^cm^ttoa mntmtn w^© las'f© wltli tli# pt*^* 
Affc«r ant ©f imii;r ssmeli coateots Ih® pr^ators i^i?^ fehoir head 
^l | i» ffej0 pr©y wm nwvtm.lf atlsffe«l i^ «m n fall sontaefc ga® 
sii@W5 b|f tfi^ pt'^at»i»f t® atfca^ fe m^ p&ttmlm? part ©f tfe© 
t*i# 0a,Usle 0f t^ ® %mf§^ ^nm WBS mpmr^ sua tft© liit^rMl 
parts ea«tai ta» 11i@ ^ r ^ spfselts apfai»igill.y sees©^ «iaaM« t& 
Qttm %h% ^f^iat®?® mni ^ « pi*^ «©•# s®@ii i^flai tn «ios# 
©bswvtttf lli# f®€ilQ« sa«ap« Qf 3tff«f#al ®ta§«s ©f .!f«amiaij^ l@ .^ 
W ^m& %m wm mt stfalfieaallF €iff^m% ipyMBh ^if^ 
as eoE^r^ I® ttsu a^ulfcs Bmi tem^i sfeag# jsitfaillos. a i s 
low r a t i ©f p'«^iill0fi an^fii eiie tlitpi ®feag$ Jat?«ll©s ms fteuni 
i09 
a©t pi*^sci@» an tHir i l ^ w t t i l l iitr« « s i»#« pi?^» S i ^ 
l#mM« i t s |>r«r ^itUm Amnm ©r to ei««i pifBAftttnas* I t @t«>w^  
fell© sf t®ts«^ twmin^ ia ift® « a t i a i j^ ia ia^ fci® i^ tat »f 
u%^mm ^ W^i^f C l f ^ ) art i^s«f Cl*?S3l sii'*f«st^ ^ s t 
pF«^®«il«i^ t mm^im^m wm^n^mtflm I® t#t©5t *^i©tr pr#f #t«i fro© 
^»^ M^f f i t t i acting)* 






I — 1 
I I 4th stage juv. 
1 ^ 3rd stage juv. 



















+ 5 +<; +3 +2+1 *1 -2 -3 -4 -5 
Regions 




s l l g i U y fr&m ftfeafe i»^i©rttt ^ / !?ia®«s (1174) asjS Of©ofca«rfe # 
^ i s iM*f9)9 t ' i t l© l l f eorsts-efc «ag ^ssiei t ia l , aia^ e&ot&el with 
Qt>ntm% vttt j tft# pt*^^ i^tm «h«i th«i»© ¥f^# glancia^ mntaetB* 
PyoMfif !st^^r0 attaelf has ^e«j 50S«lis«!^ to^ dro^laiS't ^ 
a |s^0J9ffl«^fi 18®fe isbs©^^^ III ^« ^ M l l s ® i » S» i ^3 o&s^mtl©ii« 
I t «sss f o n ^ %k^t ike edtAto an^ f®iirl^ ifcatg© |iii?i»ll.#s o f 
sptt® ©f tfe® fF©§©&©# o f t&« pr«|f ^ g tfims ¥«r0 i^stslflgps^t as 
ii®a-rp#^aeleii®. ffe® lns t fn i f l se i i t aiff#i»®e© !s©t«©@9 tli® rat® 
@f prg^aiiQB u f adtilts ®td f'lttPt^ ®t«sf# |u?^il@s siifgast that 
eiiw a-p^ ^  j u j la t l ie i r pF«aet»rf sMl l tF# flu* l^wm rat© ©f 





9m 9%nHm mw^ fe@« « i # ofi t^i# pr^aterj antllt^ #f 
!D9»aolii« n^mm iWM} iltt«l^ tft© w^a«@^ Ij^atlwr ©f 
Stell CM^)« 
Ifi tfe@ l^ll#¥tiif miwk dtff»«it ftela?a ^ l ^ infl'imm® 
tn® Fafc# @f |SP9ifit4@fi ![&<•# I>®pi sfeMf i^, 
Bi^mim mm a«t«Bl»®i w fiaetef I1.i?« S ,pi^tl,.%|| ^m %wmW 
Flw s p « l « @f pr<r jy*» CMM^^M . ^ S ^ l ^ a i f IjgliMM. «»• 
113 
" * * - ^ s - . ^ 
®f ft«afc©dles was m.i^we^^ iu t^fws of dlsplae^eatj l#e»s 
1 
,P^jj^^;^^,....|i^,fc|,f^t fsa %%%mm^% ^^ pattern of p?«liitl«m mm & 
p€Fi0« 0f ten «loys,fl^€f ^» ^^ i^^ imf W€fti 9l0®ia ,tog0t!i^ «l t^ 
tw€!ilF ^'^Q P^i^ t» eairt%«»!ilo©te enislatisliig l4 i®t«r»6gadr« 
t® |^©9li !s^l® sontatisifif W«it^ fl'?« pTi^ of ^ e sust t?p@» 
I 
,at.Mi.fiC,„jsim,jmigg 1^ «®tis8i ^©tn^* %!i« pp€r, irajb«^s aff#$t 
100 ana 3 ^ ®f ©0l®^i of ^« ii^iffl,@li^^ aiii £<ii!iQliiM^a i p , , i n 
il4 
at aifffi»®it l « f «»afe.ir®s vomglmg twom 10'^  t® 4i®C teg«l^€r 
with feif«^ ft't@ s»^#ste€w @f f F ^ i s « s ^ i ^ Sa «f'ltF*Silette 
<t«^«iis t ^ n the sdtit l tf of fr^®l#i»§ «ii t*« pi*^t t^ @lr 
a^fei^i^ ^li »«s»jr«l la t*<^mM of ^«si mvmm^9m ©tint®. A 
t@ tti® ®th«» «itf ^ # an^ ti««i te#k l«i til® Initial pftiat «® 
iiri^&t©rs vm& ^a@«i la l , % % 4, S i i i #f %©tir«#pr t@g®tb» 
^iHi t w « ^ fl^t §pm%mms ©f p r^ . £# « i^!^ a|ifigiiy, s®ri^ «i ^ 
fr^- ai^ o^ r^%«l-«ifs@ were tnai© aft® i^ fe« fi fc^w iii«lfc€P 
&9%iwi%f ms BMstiF^ la ttf^s of l i^i »ip««ali pm tei»t# m 
n^fl^ w®*© ©tart^ f«f 0| % 4| % % W^ tBwAM im& « « 
il5 
^f M^^m M%mm ^^^m m^^sm »« mmtttea^  i^^^i^ 
was tsf «iPi#r riAstrf t© ^0 mtlvi^ @t Hit pFigr* 1^ # » « t 
i i l ^ ^ t J O l M Ife Bhm^ m ©l ip t f i twt itff#^«i®# CP>0#§sn 
IISI 
sf •§ «*^  A» ;^^^?^a^,1^^^ lias a l i ^Q p r ^ ^ u^mt f3»r# tfim t^s 
<j%b^ f two a®ai0des. la lis® eas^lmtloii ®f | | f ^ | ^ ^ ^ | . l , ^ ap#t 
was always ftmmM^^ the ImBt^ 
si i f t i l l ,? ^ I f f ^ f f i t ®eft «sf. %« i9r«iatli!^ii OB III® flipst esfi^  
tmtn fiar ms Hst s t *n t f ie« t lF Hffmmt lp>0»<B>« 
C9>0.0S) la th^ r®t@ ©f pr^atS^a -^m ^ | SO, 100 of l i l 
M £ a l « S l L l ^ a ^ l M 0 ^^ii« '^^it fkei tat® Qf pTm&^im ^mt ^m 
fmmd to fe© iiifl^fflieea fey fe^# ^ i f fwies^s la I«8!p0i»ate»«» fli@ 
^m.mt%m of WW w i« m^^sm* 






£• ^ytnm-NtSQrha- Pristnato 









A B C 
Prey combinations 









o—o Cephalobus sp. 
X—« C.symmetricus 
118 
H 1 ( 1 J , , ^ 
4 5 6 
Days 




















S g i m ^ t e f ®ls«> «®p®i^ ftn t i l t »asgalfatl«a nf « f » ©^l-a© 
t^ ls ®s« @lt0 f rKat ies iwiwp^i to ^© r ^« t« t t© t^® aettfl^tgr 
ni^^ ©ifffip e^fi$«tfatt^Ks Ffii^e^i a®tl^l%^ ana ^ t © pt«i@tl©®« 
sot §^%m tti® fafc© <*f f r t i t t t ^Q . m« i t f f ^ « 9 @ 'la ffeimtiem 
^^ft,|ptfep^.^^|gf ,„|q|.i^ffi||g|| Cfig* 4S)i f t «® 0iss^f«i mat 
fit• 4f 
gffest of agar «oii««1arattoR os tkm #«t« of fffSntios i§r 
FIG. 42 
-211 
















0—0 Predator activity 
Prey activity 
Prey killed 
1 2 3 4 5 




FIG. U 121 
15' 
12" 
o—o Cephalobus sp. 
H—« C. symmetricus 
3s 
0 2 4 6 8 10 














1 ('J (.J 
was '«ill«« of» i i i | t t f«i j a l t l« i# t ! • ffi^,^.l.pi,i ffmm&^^lf attacfe^ 
9hQw^ ne mmiBtmt p^«iat©fr fallows ni t^ a t f f ^ « t ^ t ^ 
spettts imd thai s©®t i i ^ « i«f»sp^ e©r# tiias fcli«i ot i i^r i* 8ii@!i 
ilff#r«©e®s ^ ^ d pFdlralslr fee ?elati^ I® ^ $ Q e l t f i ^ of ^ » 
tm n i l s u ^ hmtm I t s#«0 p©sfi*il@ tfent ti*fs'at?fe?«e# ^ i ^ l i 
pw^%tm stfelt l iy i s %im « l ^ i r lM fc fa t lu t pst^imtiii 
123 
IntlnmQ^ the rat® «if pf^mtiMim 
fii®(3r®tt®sliF| t^0 tii0fHis© is til® mm^st df pr«sr sfie'Jli 
als® iao?«S3« til© p?0^liUttf ©f csiata^ts fi©a e?ms«ip«ssfcly also 
tli0 F®t,# ©f ^Feftattea^ ^ t i me partly thm m@% wite £«ffliiMi^ 
ftr®ili anas. In g» B^iSl^^t *»ovw@ft isolstteB ii« m% pminm 
fh©'uw fefetir nii^ & r^ pFeflal^ ff «apafeUitiat tlisai 1# JMtoi* 
as tli© f©fs«p Bpmim Ulim ©t^ilfiesitlF 1^««? HCHi^ €^  ©f 
m% felll &»^  c»f ^& mmtmmn h^mgLm t» !• lii«i<fi^ a ©# 
124 
«en^@li9i aa^ ®alf s ^« i^r- f@f of f:^® li®^® t>«^ rcpaf t ^ I© fe© 
©bs^^t tl^la fttmsBim©!! t i l .gg ,^ifii^ el^ |^|[,^  l i i a ^ ^ I * 3Ea tit© p t t s ^ t 
pPo@i»®isg tli« ®otl ^&milm ecmtettiini su**®!®^® ©f ^ , MBQMM^* 
fttQ a ^ t c s i ^ thus obtntn i^S war® »liis0« ia a i t t U l e i mfe^« Iffii© 
f i r s t st^g© Jttir@ill©i wf© o^talael 1^ plaoiug tft® cppS'srM i^mlm 
m i f %©%^«a^^ at ^ G , fit© ©ig0 laid ISF tft#s® f « © ^ ^ w^^ 
alXnyei ^ liatsish ana t^e Jat?milts w^© co i l ^ fe^* 
S e^iaiti • ^S fawf^ stag© |a<y®il.«s| 3 a««lts > 2S miH ntskm 
pwmUmt 9 ®*i l ts * as se^na stag© ^tf€3il2.«i| § efiiafcs 4» 
SS f i r s t gtag# | a ^ « i i ^ | % t 3«vi©l i®-.:^^l l« ajgjMasttiiiMi 
125 
a Tmitm ©ttgt Jua^w^nllts* ^ f i r s t t t s f^ l a v i ^ l ^ f 
S t%W st«i« |iw#iil«8 * ts f i M t state tmmilm% 
S at<i0ii4 fteg® |iaw@itl®s * ® ft«rfe sts!|« ^^i€all«s« Ml 
m^mimmtti wsp# eas»f i«a out ®t o^astaat ttsp^a^iart t#*S aiwl 
iii@ii ait^fci w«P« p las^ with ^nrlotis J t i ^^ i l ts @^arat€lFt 
tfe ms faiBii li^at Hi® HfBt mi. sm<m!t ntm^m v«?® fetllei ! ^ F « 
i l s a t f l s M t l r fei#i^ Ct^0.011 t^ MS ttj© HBQ^w ©f t^a I M ^ aiii 
Cl^f# -^^ 0 # ]&)« ^j# 41ff0r®a«© ^^twem the Tit®t a?ji. seeeM 
foisftli ®t®ft IBIV^IIJ&S s^ is ta t^ f , 1% was a^ I i i %%% f i r s t sl®^® 
|tiv®all®i ^l#fe wmm fp€^ @8 ^f^n E^ r© in mmaHmn with l^t 
©fellas (Flf , 0^ A)* ffe^ ^ae« «>f fFaaafeloa on tli« f i r s t slsf® 
F10. 46 
Canaltellsin In aiiilfj f, a^gnatlctts 
A - , S A • 3S Jj^  
i - i s 1 + 2S 3"g 
• ?ICI. 4? 
B • S J^ * 2-5 J'g 
FIS. ^ 
Canaltellsffi In tlilff^ stag© $urmllm of g» rngtiatteyt^ 
S ^g • gS Jj^  
Jg» Seeoitd sfcsge Itureallssf I3 - third stef® Jav^tlfSf 









































FIG. 47 PIG. 48 
m 
saoana or t t t i r i stegn }ac«s!lles (Wf. 47, B ft C). nis aasSiee 
Jmir#il3.^i ^®?t lut I j l l l lag ms ^©ss^aei CHg* 48). l^srlfig 
o^sertatteafi i t wa§ t^fc^t tts&t fo^ag stages wes*® Esir© proa® ^ 
ms f©iMdi mat B» ^^mttjg^fi ^ l « l t WA« attiisfeii 1^ fdtjrth afeag« 
nmmmtm 
©annitialtsai ©f tht ^ l ? i 8^^© |tw«Bll4^ lima t^% aitslfcs sisi 
fmi^tH stag® | t t^«l l#s f i f ^ aa M ^ ®f t^ii^r lair pr^ntcpF 
Agat t fs l fa jp i i r l C30f§> l i^ i^ aStilts n i r * tiaeed «»ijlt38iv^F ^ ^ 
tiiftlf ©wii |ii?«9ll®f lis %%% ^%Mm&% ®f f r ^ * l a . J# ammtiimB 
&#sia«» « i ^ t 9 | Wi« fofflFtfi ftn^ £!stf^ sfeag© |tti?mtl©s els© s ^ w ^ 
esimii!»iistt« fe^atlflfir -^m ^a©«S with lh@l«» ©us Jtiv^iUt 
s tag^ 111 t&« a|jsm©# af t^igr ««»l«»S»i* fli® a«wll« m& tit® 
w@r# }gm^ isiisal%alt «!sll« the s«eaii« m& f i r s t stsg« |iiv®5ll®i 
if«i»« n either pP@li£ |^?F 9^ ?* eauni^Al i t le te l>Jia^«n»*. 
EFFECT OF CHEMICALS 
128 
ditfrn^mt nmnt&&m imi foiia^ irmi^ mg fsitilfes* 'lis fe93it«l*F 
Hugsain # Wasted {IW4I| l ^« i C 1^4)5 ?¥0t U^S^I «ft@» 
was sti6is@ptl!sl,« to ail^ep ion® m^ %,%p^ln<m^ ^i^^&liisM&iXim 
to mpTiQ teat, ^ i l # M^.4.#^Mli^ lilUfia^M, ^ » «9* 
©eld ms issft t?»sl@ I© RiifitMt,.^ |.ja .tf^gj^ jll^ j ®s^g, all fctiia fatty 
acids hm tmt^^ ^ t J'dtfjTsfe^ a {Mm} m^ Bsaat*^^ ?iis<sr (DPSS) 
fornix tfiat f0r©l« ael^ mn lmB% tumU t© ^ j f ^ j j t e t e a ^ ^ ^%M 
^^ t^^.f^^M ®P»f *«F«efelf^F. J9f|ii$tsii Cl®^) itatffti tli® 
Qffeetl9«fi^® ©f ^eids iaef^^asdi iflth »l<9«mlar ir*iglits tmt 
lafiago^ % s s ^ tl*»S$> mn^ln^^ tliat th« < l^©f Isxle fseteF 
W^^ rs^ ssi tofi <s0i!«fflatpdti©ii 1® @l60 aK t@p9?t&iit faotor 
tfifitimetng fi«r«ifeidi# ifAai^ ioii? €ipm%ly m l&Siirmtlf 
S&imlvm% j l |^» <l^4) s^^l t i t&« i^f«et nf i?e imi laiu^ pidL 
®ii€ eoueluiei tUst eofper mafalt mas i»st tm.iti ®f »ll tfe# 
i2fi 
salts %mt^i f^vtmt gm |ms,igi, m^ ^* g^np^ wer© fmf^ fe 
eof^Ql^el tlitit l®i»r^  e3»ae#iitmtlsiis @f sta^psl salts ea^ 
i iesat©4©,^^^^g ^SBSMSiS* 1ft« «fftet« s f f«ftsr a^^ealfatioti i 
a<^att@l€« f%irs«l«ii ^ § w«f® ©fes^ spi?^  ®a tits a«ti^tf^ ©f 
I * S S ^ i s^ti l i f #^«p m t«»lei t i f IS ^» s iu l la r i r «|0 ®rfe©t« 
©f f©isr mmm^mtlmn m^ &f m&Hfi mtftkt% p&^mfm efil^ rM^^ 
130 
mmmmt$ «^3? Bli»it## Jl nwim ef ^^^ fimi t» ©a® sM@ anfi 
%M M^k ta tis« t a t t l e f0l8i% e^istltaifeei @m# wiir#g f^t 
of antltrttr* fh® mmm'^&tiimB 1M i^ito^ a«ti?ltr esasti ultli* 
Ml ©ip^yte^ts w«f# eaiprl*^ ottft s i ^ ^ 1®C ami 
fr^areS in mMt mmmtv&timm CHI aaf %hm0 of fie!m%l«l«ft 
111 Hafts pm Bstlltefi C^ IKB)* Boi»te ®eM l»i*aW Wft^ mm tts^S 
131 
m&oMin$ t® Qof«eip>m Cl^®) le« €&tt??«tpafel©?i9 «f ©liiopisl salts 
Itessala <l Ka«9^ Ci9^ 4> atudlei tH# lo^tsilF of ©rpiiie efi®ieala 
0^s«^t?si t^ @ lo^tei^ ®f pH, eslaeml salts imS fatty aeids ©s « 
i»9 t@st©i Itt diifm'mt mnnrnW^UQUB of fes^ jr s ^ ^ a l salts aafi 
f& steidr t*i« «ffii«it« ©f Bis©?a3l salts ©« ^ « ae t l ^ t r of 
! • llXliiaf ^^^ mmmtfmti&m j | j«f O^ OOl, ©#01, 0*09 uii^ S O#0mi 
of f®s»rte eiil0?l^% ©©dliiiB 0hl©i»ld% aiwusta ai^ folasiitj® 
Idiia© w«f« piPepaf^t SiBllarlFi fm th© 8i©©tlel<!«, ^^ Hf^ ii» 
3 ^ , flv« <^a0®lrati©sit uf i , S, 1% IS ^ ^ so pp© ^t^0 ©&«#, 
m 
S^^totlts nei?® treaty! wi^ ©safe costt^tratioji of tsSiaateai. tfi 
^ , 2, 4, 6, 8, 10 ®si It h aft«? fer^ifcirffiag a@m$i>«^ la a 
was tmt ittflti«i<i«i B«eh IIF so t^iais ^iloH^I® sul'Oitloii®. th© 
eofi^^l af%@9r 8| iO mi %Q% ip< %Q$)m Ws^mmi tft#f# ms a© 
^ I f f i f f ^ e t la the mti9i^ of B#ait©^©8 ftmrinf % 4 aaS 6 li 
Cp>§«@6l, t i l 0«®t 14 «®liitl@fi ae l iv l t / Isepoased slgRlflcas^y 
a t % 4 Wia ® fc Cf < 0.035 tet ^ ^ t l l t i ^ t ^ i t r i ^ f f c ^ (p<®#OSI# 
m o %vm%^ wi^ 0*01 an^ 0 » ^ I n ^® a«!3i«4oi ^14 not stioM 
®©y e^aiii« iiss i^etivtfti' ^me^t iar taf @, 8^ HO as^ ^a ti at 
0»01 n cmmmWBitim. ^ m aet l i r t i^ ia tF^se i (^<0,CISI» 
FI0* ^ 
FI0* SO 
ferr le elilorid 
PIG. 49 
•§ 20 





















2 4 6 
Time (h) 
+—• Control 
• — . 0-06M 
o-
10 
o 0.02 M 




1 ! 1 1 r 







th^ e ^ t i ^ l ^ r@it®@ «i8 i to i l ' i r t® tap i « t ^ ^ € | i t ^aft ^srlag 
Mteiwite^ m ^ tesa i iy ,..aaiM@ (Fig, SDi A l ©lt«i% 9 » ^ ^ M 
§ II Cf <§»0S># Aft** 8 li ^® aetli?!*^ i « l l » i ^ %^&iw mmimii 
Cp<G#dil# ?h® w t i fa-wmra^itf @»««^«%l®s for a e t t ^ ^ smt 
%Wl i-f, f«i# a«ai©€« ®*iiiw«a #Aaaa@i ®@tif l ^ tip t® 10 li 
also s l ^ l f l s ^ l Cf <.0«01U 
Cp^@«©SI, &•% i «ih#a#^ a®»tetft a e i t t t ^ ©far tip to 4 & 
O.Oi f'l ^ 1 s l l ^ U f t i l # « . %mi n ^ ImBt ®ffe©t @M tft# 
¥1Q„ SI 
Mtiv l ty of ! • orysae in dlff<spent eone^tpations of 
pofcassiiaiR lodWe. 
FI§, 52 
Aetlvlty of §., qryga,^ ia 4lffsretit ©oneetitrattoiiis ef 
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8 -r-10 12 
PIG. 53 
13? 
ln@F^0@ In the c;%m<5^tr0tlcm sn^ tttt® ®f ea^ scsaaf ©» f^sat t tss 
f?i@ ®ff@8tlir^«®8 of sslfci ©ft t!t@ s e t l t i i ^ ef ! • ^ E M S 
^rrss^QHiSisil t0 I t s ^l@e-alai* ttatfht e ^ ^ t J^la? «oae«tratl®iis« 
Ealte lia^tof ^ i f t i ^ ngjleetsiar w®i#ts J3J*t ^tas0lWB l®itA# 
Ceeil, ¥&• ^e»0l.) and tmrU mUwUn imU ^U I 6 ^ m ) toMMtiS 
ac t i v i t y <^ f a^ult 3« af^^yf^f fc© li ^©s««r «3itmfe^ i ^ i l® s@3ifl3Si 
©ffeets* %@ same «o!telu@t©iti wsm dra«a ^ 0fe®|»hm«oa CiMS) 
€»f i@if 0©ise«toP@tioi?is of als®sfe a l l sislfes ©ft t^® ©etti^ltir Qt 
.tatTaJpsPl ^ jg j . CI^^4U totli me mtho^m fmi^ that l®w 
9©sie®itrati9iii a f s®lta w^® ^®fc ®i2ltabl« for si i r^ l^ai ^ f 
,lll§M,l.ff.y ^ t , ©US M.g@ei|gtn^s i | ^ , ^,#.teW,ffllfi^,S M J y ^ i f 
i 00 
%&yfm% Kol@®Asr net^t aj^ isg i^ artmis salts tm%^ im^lm i#fc# 
I.7«0.\ Sp, gr» 0.851 Mt pf®^^ i30st ttisfawttml»i@ I16M? Hi® 
n^mtieli*. Thm ^trntlvmrns &f frnMun 3«»0 uss also rspsrtfi 
Ms IW7%} ^iQ% is la a^«iomt Mt% th# prasesst lasilc* 
i?€^ 8«3sitl^® lo ^arletig islntrai salts aa« Sttn^an 3*6 ©nS I t 
inermBing mmmtt&tlim of saitt end ii@^tlel4l#* 
139 
nmpomm o? mmm^ MMmm to mmmm mn m 
tiits h^m ai^sni«trftt«fl I?? far/ li/ Bsn^ wsr&^a* Ftt«sbi<^  # 
aiff^f^t «^«il9als# itjf^i^saa <3M8?| ^©Imstan (%%$&} mi 
Bmmm ^ Mis^r Ci^i) utedlefl «li# t©xteltf csf oeMs on 
liseinSlSf ^ a«stl^lS« an?! hfi^^^im ion rnnQm^mtiem mi the 
mtiwitf #f a prsiafe^ js^^tot^ ^m^m, mmh%%mM ver« 
©uprle «ilfa%«| pjtftitl^ ^l<i^l«% ^tas«lwm iii^at% aaleltiis 
©fjl©fia<^  mrm antS BmmM \mt mlntifm)^ nix ©f S, SS, ®l^  
iOO| 050 aai 400 ppj of a iiiii^ fcieMft i^tiji^^ %,Q aai ftv« pH 
^aSi^sts 4^  S.4, S,9f f.4 ai^ ^,0 W6?« tr^av^l In 5#ti^Kliit 
IP 
la Wi^» C84-ii| t*^ sat l i r t t r of i i«Bt©i«i,lS plofcl^ to 
tii»a® of »^e«ie te»«t# aai p j^#«t i«?Fisa# with mnt^mt* 
HI salts St 0»O5 M pm^«l t ^ y toxl© cmA,tli® a # W t l ^ 
4 It C?l«« SI, 1) ««€ t l la tfe# «»e ©f nrm In ^lafe I I nas 
mm mw 9hm^ a sl^iiifteaiit Cf io»Ol> tei«»^s« la tli® 
a e t f i f l ^ fran I to If? ii (Fl f . 84^ i ) , la asmala ««# a^ t i v i l r 
ActiVity of 1# agtaati.e ,^^  ia differ#iit eoii@«iferatlon8 of 
I 

























+ -f-6 8 
Hours 
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etil&rl i« tti© #«F«a® fmm X ^ \2h mm slf t i l f iei iat Cp<##©S|# 
tei^^f ^ ©el l^ l t f aft ^,01, » to i»r«a fmm Ih to ,,t^ It -^s 
si|ii4ft«afe C^<0,^) , m til® oitttf toai t?it a i f f ^ « e « s ia 
w l l t t t f fliSFlag i te Old i t ft w&fi slfaiftesisfe la 'potessias 
a© i i f f ^««s# ti l tti# ®*sti«ltr ®f n, i t ^ i M ^ i to ealclns ^ i w M ® 
a®alap®l wa« @ i^4« t^ ta a l l salts fsaiipt atuFi® a^ilfat® maA 
sfwenl® CH?» M | »)• la a l l 1%© sails set l 's l l^ laer^^tS 
III ^ t s s s l i » «lildi*t€% ^tassiHB a i tmt« , «sl.altiii elil@Ft«S# m& 





» — • 5 ppm 
o—o 25 ppm 
B B 50 ppm 























e^fitral* fa Qt^m pt? g^tirofcs tit© a«ll^l$y 4mltn^ &kmplf 
a f l » t^ ® i h nisi ti« c^l^t l^ €^ f nwat^m ^ict a f t ^ H «^ 
mQmmim 
f©r ^ 0 pre«iie©i»f a ® a l ^ # | ^ , ^ | ^ ^ | i y i ^ S H : ^^41 o sfeiaris§ the 
©ffceif «»f " ^ tD l ^ l s Q M P% H I ^ G1S0 f«r.-«a.3 t te t i#ir ©s^ csgn-
in tisi? ftff^t #f |0« mmm^m%i?sm of uolts Mt t!i# ©pttiml p'l 
fb# «fft0ti'tm€Sir ®f mltn ©Si t*i# ©ofci^ 'itgr was difeetlir 
taien 0SI til© s«e i ^ i ^ i s gli^gs %^tm ^M t t «i??<^i^Ms ^llis 
i t p7@^^ leaf l©il© tfjaa |K»tattles altpot© 6^ pjtasiitus oHioPi^t 
148 
a«iaf a l l lfi# itifcs « t ^ t ^^v^ i!i#t4r feBti? ®i^« •«% 0 * ^ 1 li» 
fef^Wf« l#a «ii9ifi^a%l#ai, « r « t ^ l# i is f p ^ p ^ t i ^ nn^ as 
f»%li ls«? «QtJ«e# «t l i? i%' ©f f , ft^^l^gg^ff at ^lft&m% 
SUMMARY 
147 
i^T0.B%t!AM}» the fslilffi ^i4 the last pa?t pr^smtt ©ffa0%« 
gradllsiti on tk^ ae t l t t t r of J» SSMB ®^^  <i« J^mMlSi* 
pm@^dti#ii and f eo3t!ig« iMmprmA @i^loirmtlo& ticgaai i i l l ^ 
s«refettti g^v«»<mt;9' ®f t!i# tn^i^ l i p fnfeililaf ^ ^ , I s i t ^ ft'femtt 
©f l ips ®t plf»Ht angl® lo ttie ei^ l ssf i is i i « « f#il®tiiti %|^  a f«r 
sl?l0t tfimsts, 8l^#% t l i fat t tef sfcwtiji affe«r ft fmi^iiP&M* 
F®8fllBf ^ s ta t^»t te^^ t | l i s ^imttsE at 9is# i l fct lasfclst 
^ • 310 fflls Isnl ® f t « «tt«lthsa t«> S*«4 •!!» S«l i«i f f iser^fcloftt 
ner^ set aetnaily ofesirv^flt M t ^@tli«p ia|i im*l#ii dl4 ©r €M 
n&% talr0 pl@0@ Is Mio^tiilit# 
®«i jts^mllM pasp0«^^ tr» »ltf!a©taiits w^m^^ W tli« host i»@o%i, 
148 
nmmm^m ®f a^^Ats w^« ©fe^af^ flp thai i^B® nf iti« ^w«iii@s» 
a® ?@3Foas0 ®f s^Kwsi slat® ^vitttl®!! t®i?a^ts tiost ^ e wiskstl 
0 f ®1IL s%mf^ » 
iitf&'mt test* 0»M»g« art ^smt nm^limm v«^t p'^^^risS 
»s% ^H# 9!il@ii in* l«ftit» ^lea^its aim Bfmw$M pt^^&tm 
<a steir of fm%i&m imfimm^mg t^ ® at^ ^aefelns ®f J* oi^i^# 
^aiifflis ®ttm@M0s Iwwwis 0»l ® Ci^>t t ip) m i a»S « C^ii© @f 
mw^T %^^ ©f I3»sf e0st^%*atl0ia at ® » r f c * &@ «|i%i»s sis© 
I ' 
149 
a««te«^# ^sxiMia attFastlfiia mm rw&f^^ l®i®j?fi® 4«€ € ^ «M 
I 
Aq;tia.^ i'^ ,^ jl,rted^ f^  ms m»% &l^ m«%@i #ith£#' t«»wirai live C Intuit) 
|sy«r W ^mm «si lfe# «al6©t wim t;li©tr lliis i«i« ®s««ti«4 t& 
at%?«iti©a tei^Ms tilt fp^ ia^tuft ^ aottnit pi»^«t» m »i»# 
ffe«s« PTia®ti>i»s iia ntl #»» ir#f«p«@ft f#F i.w faF%l«l8S» part 
af t*i# ^ i f #f tii# fF^ to tmlttstt « at^efe Isait • ^ ^ at« pip0f« 
15^ 
ffei&^ts 8«®s«ft t® fayslfs© ^ # t'pflr i^tlt %li«>lir aipal ^i^t l i 
1^1 tell was iimmt^ i««p tuts t!i# teir ©f tti« |iipaif» luf ts l lo i i 
4«i ti» A ll%tl@ la t t i islpitf leaat v@rtatt©ti wis im^ la tti« 
fal© of f?®SatS®a ^ ^ flar in^tat a f«r to i '^ilefi l,@»ft«i twelve 
®f® results 9» feli« priiafeftfr i^®^i5«i.» o f f . a,aaftM.i^f 
e®iit9#t Willi «li# f r ^ 1^^ sstaWlsteefi irltfs tfi® l l p i et thm 
l a fg i ^ ©ii«i3 III© «ifcl«l® m i -psfitet^i s i ^ tli# lafetfn^ imi?ts 
t t tsk^ la* ^^ttlts, foarth ^ ^ t^ |? i i te te Siiir«tl«s ww^e 
of f f i i a t i ea ©f m i ^ t t «&• wii»® tliai lfe«tr | i i i?«ll# «liii«i# 
fa@l©rs ^@epl ^© pr i ^ i!«®l»^ t£id slarvait©!! ©f fFeiitl©?i« 
fr^®tl©a ms p t ^ m ^ ^ ^ « ^©llirliir #f f f i i i i i ^ r i ana wW 
«t!i<rfi leas ittfUim©^ toy Wfwmt mn&mti^mtijsm ©f agar ^ l i 
15 
#f i #t l€ ®t ® t«w9«afef ® 0f rfe» m# pf'^alors telil^i tmu% 
sp#, irtf« a«ffisiif»^ least ^ ^© p^siators aai .g^a^aMf sp«» %%® 
wt^t s^ms§«? « ® ! i t ^ « tfean %ti#tp ttitf^ ®l®f« ^ f i 8 i i i « i * % t 
f0F tlie «el tv l l | ' ©f J» aa ia f * Awpiiia ftt fill «i«««il»atl®a« 
iiafa«mra*€# for t l i t s«atoi«f« i t 1 f ^ ^ # ©eft lni^ r ^ B # 
lias »l^»ft »l®iJla? t0 tti« a®s^p©|. 
1 «j fj 




•MiCTltma. ,mt^iffl&« #imM'gi^m. a » s.-^ ^^ ^^ *^ 
salts imfl fteit!^  eeli« «ii ©i« pr^Etetr a«i^l9€e 
Si 
«i«sciplmt«it p«^ s©flp«« ta til© pl&ntm'pmmwitte fmm^^m 
i» JjgitlfMi Ml^i @^  lai^aMmim Mian* 
15i 
pamsitte nmstis^m to tost r@©tt« j g i M f i i l m M* 
^^ mtlOTf* III , l,©<^^tteis la l i t ^ l l i * #f ^aieUiiigii 
fesilatis of aiap» IMm J* & ^ M * i» »^*MS. 
te§M« M i l * % ®i«»f • 
MM* MmM* Hi imi ^ ^mm^ ^^Mf* MsMm M, 21* 
i 
155 
©^aUSlte f?«is© ©ipipss In f j a l j j ^ g j i ^ t o i i ^ sales. 
mUB afsrl pH 011 Its® s©il nmutMmt> l ^ i M M ^ j ^ 
1 
•m 
BO/ift, 3, Cl^OI, Fif?©els of tmp^&tm^ nn tti^ rat# of f^^lRg 
BHIOTi, J. t HA^f, W,e«H. Ci9?4>, Si© f#«*«liif ^®lmi?lotir ©f 
^mm.&mmut states of teiitft,fg,^3i ^m&mmM 
*''^ i<fai«t#7» .^s© ^ i i s i^ aia* 5««*. ^ |» i4-s-.i*ii. 
15? 
1 
ewi^ &SLS-fH0K?^ail, J» i» at81>. Animal, .^ #i&yl^ ii^ ^ ^ « 
coin, B» Cja?0), 0!s»#i»fEfclo!is ©fi tti© f«@ll!5t aijiS SFi^tasology 
^^ TMkim^ a!^ teHliagii <s^  ^^m%^ test ro^ti* 
Plfiimm PF«SS, liOiwSon, pp« U»af7» 
158 
Irlf^-M^ir t f fy oa i®®@ fe»^a©«9tii |@fI plants* 
Simi*, !• i» C^^%), Asslletttali^n tm ft# f e r t i l e tti««®al 
CHOM^i I , »^ iW^Dm %ti»«it patt^fus s«« f^tasfastttt l tF 
159 
ihrn^fit} Jig, tMmWB^ 
^st«s til iisafe^ii, wttli a ^iseaml©!!' ®f Its fesiietl^aal 
ana ph l^«il«gi9tl6 iif!stft^aio«# |^ s>f»'%ia.i|iat!i* ^|g# 
mmm^%^$ la t%m ag«iat ^f §mmnMMUM MiJS^m* 
16^) 
a f la i i l fisps^jit g4pi,li^^s l l ^ y ^ S i i | t « 9 M « ^ l i a # i 
a«a%a# t g a g # , | M SJ lMmi* f^ t^fti@,g>t,ia, ^  tlJ%ga* 
161 
s t ^ l l t «t«*ws^y« toffl* ^Hk feat gg,|« Sii# Us* 
8fAW§, E. Clt^)» ^famtas fm mmmmim^ »«ai©i# »f^«it» 
k* Mmm^ «• ^» l^iMMm Jit n^m» 
m 
liiflii^?5# ©f !a i i t i f l# Hating oa the f«pfo4meileis mnit 
Ci©to#i4^)» l to£Si M i t e l ^S» ^^'^* 
nmwtM^ §M P« Cl^®)# htt^mti'immw ©f r«8tslant aa^ siise«p« 
©f t i l t saterier f©iitis^ &fp!i*slii® tfi ^^limK^f^ ^ I ^ M M I * 
163 
sou t^mv^n f ^ l i &i tom^t& ^ sn t s . J« I s ^ j ^ * | i 
tij€ plQot t© laf«9tt©ii W t*i« ®0ttttt«m tt>el fesitt 
B«atei0, J , ^ iS» ^ ^ » tiaf*$* 8|*4(ir ^ j^f 42S^M. 
ti,^.sl!CM|^^ Haider ^ t a t i M n f ^s&^w^ ^ w fdfUi 834 pp» 
I 
BOI.!,l i, 1 . Pn C l ^ ^ l * S«a.te?Ul s t«5 i«f ¥it l» l?QCT|..fe|ff^ _i^  
attT%et%mi%& and! t^^sirt^nf in t}i# i^m rm^m of 
164 
laaai^Mtta SMUS^ ^m^M^^Sm ^ 30O*369» 
mm^ 0. »^ # f0-^s, A, CI0?t). ?@e«in^  stutl^s on 
sr 
165 
plaiit*p3P&slfei« n^t®di# lairimt tr^ siiKS eiis^ Boa €inA€iB m& 
rise ttgrl^t ii«ml©a» l* |^.,a]^ |^^ |* ,^^ ||f!ffl,^ , ^aif1|i,^ 
n^^inuf wm)^ Utetf 1 ^ ^ Jgli tm% 
i6S 
f^ AiM£ite£ ^ ^mMMf W^M^m mm:mf 
167 
imssEii©^ I.* t. iwmu ia?@stipitt«ii ©» lilt lift tfm% 
r 
Sal* ^ u*f*u%^ 
4 
LSIJClLi I t W» CltSSl* I t m t i 4 « € ! $ « § # # f i!te«ife fi»i pr«» 
m 
m^em^9Mm 0t MmM$,M^m kmM. nwtmi fm%s nf ^ » l ® 
s#®SMttf«# I t e t o i t o t o f f ^ 3ii/(Abstr). 
««as l« sol, W ^ M t M a . |f tS»sm« 
^gl^JM ^ ^ s l# s#l« £, E» ltiM> l^ga* MM, Mi» , ^ l i » 
^—-=-~-^p^»^^^F"'""^ff^5^^^^^ ^^H^ Wfl?^^ 'iB^UBWPWWW^ T|W^Wm^WWW*ff w^H^W^PWHIff ' ^ •PEf l ^^^^ ^p^ ip^T i^^^ i ^B i lF 
E 
169 
MtaiOft f* 5# # f ^ P l i f ^ S* »• CSS®I* 0%ssrptl©M ta t i l t 
l i l t t«s*isf 0i»fiii#l#« «i^ mmm^w m9-%m #f gtf.#fe^«..i^. 
170 
A«iii€i5te Pfm9* ^mt foi^l Ut»163.» 
J 
I7t 
P@:i#tfatt9i5 ©f l « i i TO0%0 ^  la rva* ©f f M f i J i t ^ l g 
mtn^f I . a# # latif^ n^ n, c iwi i , fit© fti^ Hsif MWLU ^A 
t!i# ti09t«pfi?«sll# I»@l8feteii9lilf 0 f t i l t p#«sl Isi^l mm&.^^& 
I 
3«t«tlii9 ld«^4 f#0ts« 2,slt. I M M . g I g m ^ l t A i 
172 
tswaMs plant f©©ti# W^m ^m^in* I t ^s*sas« 
»!»% H* i» C3f*^l* ^ # iafl,««^# of mt^n «t®»t«© ©B t@spt« 
ra t ion ©f t ^ l s i f i f i®at*.p««0it l€ fi«f!ialo^#f» ^g^f> 
173 
171 
sliitJ»al. fa l ls ^i Wi« fii^lio oa msffifsl tafc# of Imrm^e 
SfglfKV ^» ^ ^i^tm% a, C l ^ ^ ) , Hit i s j s f l M l l ^ of mntml of 
l^^jf^t^t^a f>.^ iei5aa.Ift ®a« ©lli*# plant ia|«2l0tt« n^saa t^ 
sflP^^snWj w» (lt4S), H*^ eff®ett of a©i<l© on & soi l nas^to««i 
nnm»w% e, % iv^mn ,E^^»^fii^M Islaste «ssoeiaiii wiw* 
eitrws, feaeto sua afHoot fep«#s in S©«t!i'.mitrails* 
sfmuflFSLliOWj ?m (B?4). %aTO3qrt Ion ®wi atli»«otaat of fch© malt 
Ms 4-10* 
siifisai?iJ* S^ H, <ifS9U f«^ iag of p..Eiiiiyy^ UiladL* 
175 
mi4 mm f€s?wa §MS^^^* 1* ,dSM« 3M* ^« 44S»-*lf. 
s 
MiM-MisSii .l>,atJtl ®^  ^ « t 83111 «t (i^^mi ^iuas> 
tilt ftssttf fl^^QLJiga Is t?it ppts^e® ^f hast ptmt ipmt9» 
175 
of s©ll tT|i@t i!^5§tar« fpa5t<»ts an^ 'losfc plant roots on 
'4/ALLACS, 1, n. CB61). 0l»i«llotion of P1.,ls>^ mc^ !li||,f, i laElsl *«^  
U^wm^ ^frnM-g I^ ftSoa* 1^ 0 i^ t» 
.^,^^MQ,Rl,a l i t 9^"^% 
inmt and ^ t e r tmtpit, !• gj^a. §teSQl.« ^ t 7UIIQ* 
17? 
font %!i©l ii«at&d«i I f . ^® «ff«et «f «s<fl»«i %«% #ft» 
ii»®i5«ia#, ?^,i|i§^i(a t^,^&ti^^ immwN>f% w»$h 
173 
1' 
sa l^e^ , fot, »^ ^«s«isi Pr®is, licm e^a fp iD3-SSl« 
Ml^ ss, ^, Cl^r?lih wmim phmm 0f El?^fe» M t J ana 
79 
uis i t t II. ia.f7i). 4i«i?ig til g^TOKi^^iMa Salinas* 
